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ADVERTISEMENT. 

A  Jm  Copies  of  the  first  Series  of  the  Annals  of  Philosophy  may 
he  had  hy  application  to  the  publishersy  or  to  any  bookseller,  Jt  consists 
of  Sixteen  Volumes^  having  commenced  with  the  year  1813. 


£RftATA« . 

IbeNiRPD^  ft»r  Jolj.  1820^  i»agc  48,  line  10,  fr«n  Mtm^ipr  cvoNifl^.  na 

cooliog.  ^ 
la  Ok  Nomber  for  Aogust,  p«fe  100^  line  83,^  Mttllen  glan^  r«ihi  If  ftller  ginw. 

ERRATA  IN  No.  XCIV.  FOR  OCTQB&R^  Firrt  Serict. 

Page  S81,  line  0,/>r  June  SO,  r<rai  JnaeS. 
283^  line  S,>r  w  /,  read  n  /, 

(»  —  I)     reaci  (»  —  1)  ». 
986,  line  SO^JbrtOL  n    fvatf  oot « 


ERRATA  IN  VOL.  L  New  Sema. 

F§gfi       last  line, /vduee  inches,  noieii^tinchea.  ' 

Jbr  three  inches  from  the  bottom,  read  MA  tl  

It  escaped  notice,  until  too  late,  that  in  both  these  inatancei,  the  printer  had  mistaken  * 

a  figure  of  eig/tt  for  three.  "         •  • 

The  dnmnnons,  as  conected,  are  those  of  the  boiler  and  fire  place  used  in  some  expe- 
riments made  at  Bromley;  in  the  greater  nnmber  of  diose  aUuded  to  hy  Dr.  Bostock,. 
the  dimenftions  of  the  boiler  and  fire-place  were  as  follow;  • 

Boiler, — ^Three  feet  long,  15  irulicK  wide,  and  !5 inches  deep. 

Fireplace, — Nineteen  and  a  hali  inches  k«Qg,  nine  inches  and  a  half  wide,  and  ten 

hu^MBS  €Ma|l>  ■ 

fage  57,  line  3 1, /or  30,  mrf 25. 

58,  line  9, /or  one  atom  of  dentoxide  read  four  atoms*  '    * ' 

.   89»line  35, /or  a,  the  joinings,  read  at  the  jotnings.  •  • 

36, j^r we,  read  were.  •  '* 

94,  line  8,      flaund,  reai{  flame^ 
08,  bat  line»^  eqnationa,  read  equalioii. 

lOS^lhie  N,f«aiD. 

22,  /br  C«  ireod  b, 
180»  line  6,  far  Mezthyr,  rml  Jtf erthyr. 

34, />r  thin  bitumen,  rmd  elastic  bitumen. 
160,  line  5  from  bottom, jf^r  Caprioomus,  read  ^^rypttftnuir 
fill;,  line  32,  Jbr  buniing,  read  liming. 
Sid,  Ime  34,^  being  diange,  ffa4  being  no  dbange. 
38, /r/r  on  chlnrine  gas,  reoi^  in  chlorine  gas. 
line  36,  for  pel  de  singette,  read  sel  dc  Scignette. 

from  bottom,  ybr  distilled,  read  deducted. 
SI4,line  S,  fimn  tfaetop,^  FR8.f«r<IVPR& 
276,  line  11,  from  the  bottom, />r  receive,  read  ocXiOttve* 
£87,  line  I8j>-  ia  -     A,  read  (a  ^  A. 
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ADVERTISEMENT. 


•   I  sftOJcseTBD  the  Amah  of  PkUasopky  in  the  yter  1812» 
. :       have  conliniied  to  be  th«  Editor  ev^  siRce,  with  the 

exception  of  a  single  year,  when  my  sudden  removal  to  , 
*    Glasgow,  and  the  necessity  I  was  under  of  beginning  a  . 
labdnou^  course  of  Chemical  Lectures  with  scarcely  any 
preyioas  preparation,  and  with  no  assistant,  put  it  out  of 
tx^ j^ower  to  devote  a  sufficient  portion  of  my  time  to  the 
/   ^aboVious  and  diversified  duties  of  Editor  of  a  periodical 

f  ,\vork  of  science.    My  friends  Dr.  Bostock  and  Mr.  Arthur  , 
V  •"Aydn  were  kind  enough  to  supply  my  place  during  that 
%    year ;  «^aiid  carried  on  the  Anmls  of  Philosophy  with  a'  ' 
v.*  spirit  whicK  left  the  readers  no  cause  to  regret  the  teuipo- 
i^'  rary  absence  of  the  original  Editor.   The  principal  object  . 
.m^hich  I  had  constantly  in  view,  was  to  rendifer  ihe  Annals  as  ^ 
complete  a  register  as  possible  of  all  the  improvements 
^made  in  chemistry  and  the  kindred  sciences^  not  merely  in  . 

«  ;.X7reat  Britain,  but  in  every  part  of  the  worid:   How  far  my  i 

A*  . 

^  -.-exertions  were  attended  with  success,  it  is  not  for  me  to' 
•'determine,  though  I  can  say  with  truth  that  neither  labour 
.    Inor  expense  was  spared  to  fulfil,  as  far  as  w^s  in  my  power, 

'  the  objects  which  1  had  in  view.  - 
'      *  After  a  trial  of  two  years,  I  have  satisfied  myself  that  a  J 

residence  more  than  four  hundred,  miles  distant  from  tiie' 
^    place  of"  publication  is  scarcely  consistent  with 'the  active 
(duties  "of  ^  Editor.    It  more,  than  quadruples  the  labour, 
*:  while  it  diminishes,  almost  in^the  same  proportion,  its  sue-  • 
T     ^iesstul  exertion.    1  have,  therefore,  with  the  concurrence  of 
f'J  the  f^obl^shers,  tf&nsferred  the  Editorship  of  the  Aumla  of 
\^^Phil$fsQphj/  to  my  friend  Mr.  Richard  Phillips,  a  gentleman 
•/  .  whofee  scientific  talents  and  acquirements  arc  too  .  well 
:  ^  ■  Wn  to  require  any  observatiom  ou  my  part.  A. 

#  J/ew  &rtV«,  VOL.  I.        a  ^  ^  • 

.  •  *  ♦ 
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But  though  I  relinquish  the  Editorship,  I  do  not  abajudoa 
«tt  iotisteftt  and  concern  in  the  work.  I  «hali  still  continue  .  . 
coitin^ted  with  it,  and,  I  trust,  ahaU  be  a  frequent  and 
activ^  contribi4tor,  though  my  absence  from  the  place  of 
|iid>]i«^tiQn::fep^.ra  the  labouia  of  Uie  active  Editorship 
irkfiome  and  piunful.  ' 

In  consequence  of  this  change,  it  has  been  determined  *• 
to  den^ominate  the  seventeenth  volume  of  the  Amab  ^f: 
JPAt^sopAy  the  FiR8T«bf-a  New  Sbbibs.  •  •  *• 

\    THOMAS  THOMaON^ 

*  •      *  * 


I  undertake  the  Editorship  of  the  Anmh  af,Philesophi(,  ^-i 
mrmounced  in  the  above  advertisement ,  with  some  anxiety ,  lest  ' 
the  reputation  which  the  work,  has  aequini  jUundd  be  diiti^  - 
'^ishftd      being  placed  under,  my  controuL    The  jfriendly  \  * 
*  assurances  of  Dr,  Thomson,  that  he  will  continue  to  contribute . 
.  to  the  AnnahywUly  IjtruH,  convince  the  reader' that  the  work  \ 
'  wilHnfuturepduess  a  great  share  of  its p^^  •  •  ' 

Tke.\successful  management  of  a  scientific  journal  is  ren^  *  . 
rdexed  doAtbly  dij^cult  by  the  nwmrqus  similar  sources  through' 

which  h formation  is  now  conveyed:  relying ,  however,  upon  J.* 

the  fnv 0,11 141b le  circumstances  in  which  1  am  placed  for  the  . 

early  acquisition  of-pMlosophical  intelligence,  ItruU  LshaU  .* 
enabled,  'ujjitik'iltejtts^afuie  of  which  I  have  received  nur/k^  ^ 

Ti^s  promises,  (b,  fender  the  work  not  unworthy  of  th^  patro-^  ^ . 
.  nd^eund  support,  of  t^^^  v 


■••  RICHARD  PHILLIP  a. 
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JANUARY,  1821. 


Amcut  I. 

'Experiments  to  determine  the  true  Atomic  Weight  of  Strontian, 
Lime,  Magnesia,  Phosphoric  Add,  and  Anemc  Add.  Bj 
Thomas  lliomsoii,  M.I>. 

In  two  papers  poUiahed  inthepreeedingvolume  of  the  Annals  of 
Philosophy,  I  haire  endeavoofed  to  detennine  the  real  weight  of 
the  atom  of  13  sinmle  bodies^  and  a  considerable  number  of 
compounds  formed  by  the  union  of  these  bodies  ,  with  each  - 
other.  In  erery  one  of  these  cases  we  found  reason  to  conclude 
that  the  atomic  weight  of  everv  body  is  a  multiple  of  the  weight  * 
cmT  an  atom  of  hydrogen.   I  showed  that  the  oeterminations  of 
Dr.  WoIIaston  and  Prof.  Berzelius,  though  in  most  cases  consti- 
tuting  very  good  approximations,  are  never  rigidly  exact,  the 
true  weio^hts  of  the  atoms  of  bodies  constituting  much  simpler 
numbers  than  they  have  supposed.  I  have  shown,  1  trust  to  the 
satislaction  of  all  practical  chemists,  that  the  mode  of  experi- 
menting adopted  oy  Berzelius  is  not  precise  enough  for  the 
determmation  of  the  weip'hts  of  the  atoms  of  bodies.    I  ought 
to  observe,  liowever,  thai  Berzelius  is  undoubtedly  a  very  great 
master  of  the  analytical  art ;  that  his  analyses  approacli  upon 
the  whole  exceedingly  near  the  truth;  and  exhibit  a  consistency 
which  is  hi<]rh]y  satisfactory,  and  does  a  great  deal  of  credit  to 
the  industry  and  sagacity  ol'  their  author.    But  unfortunately 
his  mode  of  experimenting  admits  of  no  criterion  by  which  the 
experimenter  can  detennine  whether  the  results  be  accurate  or 
not ;  so  that  he  has  no  means  of  checking  himself^  and  of  taking 
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those  precatttions  which  a  knowledge  of  the  existence  of  error 
would  lead  him  to  look  for.  / 

The  mode  of  experimenting  which  I  have  employed  has  the 

Eiat  advantage  of  infoming  the  experimenter  whether'  or  not 
results  be  accurate.  When  I  mix  together  a  given  weight 
of  sulphate  of  potash  and  nitrate  of  lead,  it  is  easy,  by  examin- 
jn&  the  clear  liquid  which  remains  after  the  precipitate  has 
subsided,  to  ascertain  whether  that  liquid  holds  in  solution  any 
sulphuric  acid  or  any  oxide  ;  thus  showing  whether  either  oi* 
the  salts  has  been  Linployed  in  excess,  and  winch  of  the  two. 
We  are  thereby  enabled  to  vary  the  weight  of  each  salt  till  at 
last  we  hit  upon  proportions  which  exactly  decompose  each 
other  without  leaving  any  excess  whatever.  The  knowledge  of 
tliese  proportions  enables  us,  by  the  methods  explained  in  the 
papers  above  alluded  to,  to  determine  the  real  weight  of  the 
atom  of  the  bodies  which  are  the  subject  of  experiment. 

This  method  is  tedious,  and  requires  no  great  share  of  dexte- 
rity in  experimentnig.  We  must  take  care  that  our  salts  are 
pure  and  dry  ;  that  they  are  accurately  weighed  out,  completely 
dissolved  in  distilled  water,  and  the  solutions  well  mixed  without 
any  loss  whatever.  Whoever  attends  to  these  precautions  will 
be  enabled  to  come  to  results  as  near  absolute  accuracy  as  is 
consistent  with  experimenting.  I  have  made  considerable  pro- 
ffresB  in  determining  the  weights  of  the  atoms  of  the  acids  and 
bases  by  this  method  ;  but  at  present  1  mean  to  confine  myself 
to  the  experiments  maide  to  determine  the  atomic  weights  of  the 
five  substances  whose  names  are  placed  at  the  head  of  this 
essay.  The  following  table  exhibits  the  numbers  assigned  to 
the  atom  of  these  bodies  by  Dalton,  Woiiaaton^  Berzelius^  Prout, 
and  myself : 


Dal  ton. 

WoUMtSD. 

Bfldflliiu. 

Fkottt 

Tbonfaa. 

6-571 

6-9 

12-9460 

— — - — "  ■  « 

6-5 

3-428 

3-546 

7-1206 

.3-5 

3-625 

2-428 

2-46 

5-1672 

2-5 

Phospiiunc  acid. , . 

a-285 

a-74 

8-9230 

3-75 

3-5* 

Arsenic  acid.  

14-4077 

7-26 

To  enable  the  reader  to  compare  Berzelius's  atoms  with  the 
others  contained  in  the  table,  it  will  be  proper  to  Ijimi;  tlicm 
down  to  smaller  numbers.  This  may  be  done  by  dividing  each 
by  2.  They  will  then  be  reduced  to  what  they  are  in  the 
following  table : 

* 

•  In  the  fifth  edition  of  my  System  of  Chemistry,  I  made  it  4*5,  deceived  bythecapo- 
jimeiitiof ikrieliut «ad DalKnu   BatlhaTeloBgagOQamcMd thif miiliice. 
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Stroiitian   •  6*4790 

Lime   ^ .  •  3*5603 

Mas^nesia  2  0836 

Phosphoric  acid  4*4615 

Arsenic  acid  •••..••«   7*20385 

When  thus  stated^  they  approach  very  nearly  to  the  other 
atomic  ntiiiibers  containea  in  the  table»  though  the  number  of 
<[ecimal  {^ces  is  sufficient  to  render  their  absolute  accuracy 
suspicioils.  They  want  one  of  the  criterions  which  1  have 
.nhowsiy  in  my  preceding  papers,  that  the  real  atomic  weights  of 
bodies  possess.  They  are  none  of  them  multiples  of  0-125,  the 
weight  of  an  atom  of  hydrogen.  Dalton's  numbers  were  obtained 
by  dividing^ the  atomic  weights  which  he  gives  in  his  System  of 
Chemical  Philosophy  by  7,  which  is  his  weight  of  an  atom  of 
oxygen,  i  lus  is  aikirer  metlioti  than  the  one  which  I  employed 
in  my  last  paper.  I  there  took  in  his  error  with  respect  to  the 
weight  of  oxygen  when  compared  with  hydrogen.  Here  that 
error  is  not  reckoned  at  all,  but  tacitly  corrected. 

Let  us  now  have  recourse  to  experiments  to  determine  which 
of  these  columns  comes  nearest  the  truth,  or  whether  any  of 
them  be  absolutely  correct.  Sulphate  of  soda  is  composed  as 
ioiiows: 

Sulphuric  acid .  •  •  •  •  •  •  •  5 

So^  4 

Sulphate  of  soda  9 

Accxxiio^  to  the  numbeES  which  I  have  made  choice  of  f^r 
eUorina  anci  strontium,  chloride  of  strontium  is  composed  of 

Chlorine.  •  • .  •   •  •  4-5 

Strontium  •  •  •  • .  • »  • .  5*5 

Chloride  of  strontium  ^  . .  •  lOO 

To  determine  whether  these  numbers  be  correct,  I  took  nine 

grains  of  sulphate  of  soda  recently  kept  for  half  an  hour  in  the 
state  of  igneous  fusion,  and  dissolved  it  iii  a  small  quantity  of 
distilled  water.  1  likewise  dissolved  in  aiiothei  portion  of 
distilled  water  10  grs.  of  chloride  of  strontium,  recently  f  used 
and  perfectly  dry.  These  two  liquids  were  carelully  mixed 
too;ether,  and  allowed  to  remain  in  contact  for  24  hours.  I  then 
drew  off  a  portion  of  the  clear  hc|uid,  and  examined  it.  No 
change  whatever  w^as  produced  in  it  by  nitrate  of  barytes.  Of 
course,  it  contained  no  sensible  quantity  of  sulphuric  acid.  It 
was  not  rendered  in  the  least  turbid  bv  si'lphate  of  soda,  phos- 
phate of  soda,  arseniate  of  soda,  or  chromate  of  potash*  nence 
there  is  no  evidence  that  it  contained  any  strontian. 

I  consider  myself  as  warranted  by  the  preceding  expeximiat 
-t^Mnclodcy  that  chloride  of  atrontioia  ie  cqmpoaed4if 
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Chlorine  •  •  •«••••  4*5 

Strontium  •   5*5 

  .  10-0 

Consequently  muriate  of  Btroutifln  is  composed  of 

Muriatic  acid   4*625 

Strontian  6*5 

11-126 

It  is  obvious,  therefore,  that  the  true  weight  of  an  atom  of 
strontian  is  6*5,  the  ver^  weight  whiclt  I  have  already  assimied» 
Tlie  above  experiment  will  neither  succeed  with  Dalton's,- Wol- 
laston's,  nor  BerzeUos's  numbers— a  sufficient  proof  that  none  of 
them  is  absolutely  correct. 

2.  I  made  a  great  many  trials  before  I  was  able  to  determme 
the  weight  of  an  atom  or  lime ;  but  I  consider  it  as  needless  ixy 
relate  those  which  were  unsuccessful.  Indeed  I  failed  so  fire— 
.  quentlv  that  I  for  some  time  despaired  of  being  able  to  deter- 
mine the  point.  However  by  persevering  and  trym^  one  metbod 
after  anomer,  I  at  last  hit  upon  a  way  which  is  amte  easy,  and 
which,  if  carefdly  performed,  yields  most  satisfactory  results*. 
No  salt  of  lime  wnich  I  tried  possessed  sufficient  solubility,  and 
the  capacity  of  being  totally  deprived  of  water  by  heat  witiiout 
decomposition.  I  was  obliged,  therefore,  to  have  recourse  to 
calcareous  spar.  I  took  perfectly  pure  calcareous  spar,  reduced 
it  to  a  coarse  powder,  and  exposed  it  for  an  hour  to  a  tempera- 
ture of  between  300°  and  400°,  which  renders  it  perfectly  dry 
without  disengaging  any  sensible  quantity  of  carbonic  acid.  It 
will  appear  by  the  experiments  which  I  am  going  to  relate,  that 
pure  dr^  carbonate  of  lime  is  composed  of 

Carbonic  acid   2*75 

lime.  •  •  •  •  ••••••  3*5 

Carbonate  of  lime  6*25 

When  pure  crystals  of  bicarbonate  of  potash  are  exposed  to^ 
a  red  heat  in  a  crucible  of  platinum,  one  half  of  the  carbonic 
acid  is  driven  off,  and  there  remains  pure  and  dry  carbonate  o£ 
potash.   !Now  this  salt  is  composed  of  < 

Carbonic  acid  2*75 

Potash  ,  6-00 

Carbonate  of  potaiiili   • . .  8*75 

The  knowledge  of  the  composition  of  these  salts  will  enaUe 
the  reader  easily  to  fdlow  the  experiments  which  I  am  gouig  to 
lelate. 

6*25  gis.  of  dry  cakareous  spar  were  dissolved  in.  muiiatie 
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add,  and  the  solution  was  evaporated  to  dryness  on  a  sand-bath 
at  a  temperature  not  much  exceeding  100^.  The  diy  salt  was 
then  dissolved  in  distilled  water.  It  obvioushf  contained  3*6 
m.of  lime  saturated  with  muriatic  acid ;  and  from  the  result  of 
Uke  experiment^  it  will  immediately  appear  that  muriate  of  Uni» 
is  a  compound  of 

Muriatic  acid  4'625 

lime  •  •  •  3*5 

Muriate  of licne.  ••••••  8*  125 

8*75  grs.  of  carbonate  of  potash  were  dissolved  in  a  separate 
portion  of  distilled  water,  and  the  solution  was  mixed  with  that 
4>f  the  muriate  of  lime.  *A  double  decomposition  took  place, 
carbonate  of  lime  precipitated,  and  the  clear  liquid  held  muriate 
of  potash  in  solution.  A  portion  of  this  liquid  was  drawn  off 
and  examined.  It  produced  no  change  upon  the  colour  of 
paper  stained  red  by  cudbei>r/*  (Jxalate  of  auiaionici  occasioned 
no  precipitate  in  it.  From  these  tacts  i  consider  myself  entitled 
to  conclude  that  the  whole  of  the  carbonate  of  potash  was 
exactly  neutralized  by  muriatic  acid,  and  that  the  whole  of  the 
lime  had  been  precipitated  in  the  state  of  a  carbonate.  It 
obviously  i'oiiows  that  the  weight  of  an  atom  of  lime  is  35.  This 
is  the  atomic  weight  already  assigned  by  Dr.  Prout.  My  num- 
ber is  too  high,  and  Mr.  Dalton's  too  low.  The  number  of 
W  ollaston  and  Berzelius  is  much  nearer  the  truth  than  either 
Dalton's  or  mine,  though  both  of  them  are  rather  too  high. 

To  enable  the  reader  to  judf:]:;e  of  tlie  accuracy  of  the  preceding 
conclusion,  it  may  not  be  amiss  to  select  two  out  of  the  great 
number  of  experiments  which  I  made  with  a  view  to  determine 
the  weight  of  an  atom  of  lime. 

(1.)  If  we  suppose  the  atom  of  hme  to  weigh  3*625,  which  is 
the  atomic  weight  that  I  had  pitched  upon,  then  it  is  clear  that 
diy  carbonate  of  lime  must  be  composed  of 

Carbonic  acid  •  • . ,   2*75 

Lime  3625 

Carbonate  of  lime  6*375 

To  ver^  this  supposition,  I  dissolved  6*375  grs.  of  dry  car- 
bonate ol'^  lime  in  muriatic  add,  evaporated  the  soluton  to 
dryness,  redissolved  the  residue  in  distilled  water,  and  mixed  it 

with  a  solution  of  8*75  grs.  of  carbonate  of  potash.    After  the 

carbonate  of  lime  had  precipitated,  a  portion  of  the  clear  liquid 

was  drawn  off,  and  some  oxalate  of  ammonia  dropped  into  it. 
An  abundant  precipitate ,  of  oxalate  of  lime  fell  down.  Heuce 

•  Tliis  L*;  the  most  ilclicatc  test  of  alkalies  that  F  am  acquainted  with.  A  YOy 
BUnute  portion  of  alkali  or  alkaline  carbonate  renders  it  violet  o^lourcd. 
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lime  still  remained  in  solution ;  consequently  the  carbonate  of 
potash  had  not  been  sufficient  to  throw  down  ali  the  lime.  Wl© 
«ee  from  this  that  an  atom  of  lime  is  not  so  heavy  as  3-625* 

(2.)  The  nearest  multiple  of  0*125  to  Mr.  Dalton's  atomic 
weight  of  jime  is  3*375.    Now  if  this  be  the  weight  of  aa  aton 
^  lime,  it  is  plain  that  dry  carbonate  of  lime  must  be  ooii^ 
of 

Carbonic  acid  • .  2*75 

Iime.«.«   3*37^ 

Carbonate  of  lime.  .  •  -.  •  • .  6*  125 

To  verify  this  supposition,  I  dissolved  6*125  grs.  of  carbonate 
of  lime  in  muriatic  acid,  and  after  treating  the  solution  in  the 
'manner  already  described,  I  mixed  it  with  a  solution  of  8*75 
grs.  of  carbonate  of  potash.  After  the  carbonate  of  lime  had 
subsided,  the  clear  supernatant  liquid  was  not  precipitated  by 
oxalate  of  ammonia,  and,  therefore,  contained  no  lime ;  but  it 
instantly  rendered  cudbear  paper  violet,  and  therefore  contained 
an  excc^^s  of  potash.  Hence  the  nnniatic  acid  united  with  the 
lime  had  not  been  sufficient  to  saturate  the  whole  of  the  potash. 
It  is  clear  from  this  that  an  atom  of  Ume  is  heavier  than  3-375. 

These  txjx  riments  are  sufficient  I  tnist  to  satisfy  the  reader 
tkat  the  true  weight  of  an  atom  of  lime  is  3*5. 

3.  1  found  much  less  difficulty  in  determinmg  the  weight  of 
t«n  atom  of  magnesia  than  of  lime.  Sul[)hate  of  magnesia  may 
be  exposed  to  a  red  heat,  and  rendered  thoroughly  dry  without 
losing  any  of  its  acid,  if  the  experiment  be  properly  condacted. 
M  tke  weight  of  an  atom  of  magnesia,  which  1  have  assigned, 
mmely,  2'5  be  coirect,  it  is  obvious  that  anhydrous  sulphate  6i 
•Mgnesia  is  composed  of 

M 

Snl|)huric  acid  5*0 

Magnesia  ..^  2*5 

Sulphate  of  magnesia  7*5 

Anh][drou8  chloride  of  barium,  as  I  demonstrated  in  a  former 
paper,  is  composed  of 

Chlorine  ,  4*5 

Jiarium  ,  8*75 

Chloride  of  barium  «  13*25 

7*5  grs.  of  anhydrous  sulphate  of  magnesia,  and  13*25  grs.  of 
ohloride  of  barium,  were  respectively  dissolved  in  two  distinct 
portions  of  distilled  water,  and  the  solutions  mixed  togethei^ 
4ind  well  agitated.  After  the  sulpliate  of  barytes  had  subsided,^ 
portion  of  the" clear  lic^uid  was  drawn  off  and  examined :  neither 
Hidpfiate  of  soda  nor  nitrate  of  barytes  occasioned  any  precipitate 
•r  muddiness  in  it.  Henoe  it  is  obvious  that  the  liijuid  u&finf^ 
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■contained  any  barytes  nor  any  sulphuric  acid  in  solution  ;  so 
that  the  sulphuric  acid  in  the  7*.j  grs.  of  sulphate  ot"  uiaf::iiesia 
had  just  saturated  the  barytes  from  13'25  grs.  ol  chloruh  of 
harium.  It  is  obvious  then  that  the  true  weight  of  an  atom  of 
magnesia  is  2*5 ;  therefore,  the  atomic  weight  as^gned  by 
Dalton  and  WoUaston  is  too  small,  while  that  assigned  by  Ber- 
zeUus  is  too  high.  Accordingly,  if  we  mix  together  anhydroug 
sulphate  of  maL;uesia  and  chloride  of  barium  in  the  proportions 
indicated  by  tiiese  numbers,  we  shall  in  the  one  case  find  an 
excess  of  sulphuric  acid,  and  in  the  other  of  barytes,  in  the  liquid 
after  the  precipitate  has  subsided,  indicatinir  obviously  an  error 
in  the  weight  of  the  salts  thus  mixed  together,  and  consequently 
an  error  in  the  numbers  assigned  by  these  gentlemen  for  the 
weight  of  an  atom  of  magnesia* 

4.  The  weight  of  an  atom  of  phosphoric  acid  has  cost  igae 
first  and  last  a  good  deal  of  trouble.  I  have  the  happiness, 
however^  at  last  to  be  able  to  lay  before  the  reader  expenments 
of  so  decisive  a  nature  that  no  doubt  nor  uncertainty  can  rest 
upon  the  subject  for  the  future.  In  the  year  1816  I  drew  up  a 
paper  upon  the  subject,  the  result  of  a  good  many  experiments, 
which  was  read  before  the  Royal  Society.  Some  discussion 
took  place  in  the  committee  of  papers  relaJtiye  to  these  c^xpeii- 
ments ;  and  Dr.  Wollaston,  who  wa^  a  member  of  that  commit- 
tee, and  to  whose  friendship  and  assiatanpe  I  hare  been 
very  frequently  obliged,  kindly  brought  the  paper  to  me  to  give 
me  an  opportupity  of  cprrecjbii^g  3Qme  numencai  mistakes  whi(^ 
ne  had  ooserved  in.it«  By  this  tinxe.  I  hed  made  the  experiments 
on  phosphuretted  hydrogen  gas,,  which  were  soon  after  published 
in  tne  Annals  of  Philosophy,  These  experiments  had  made  me 
acquainted  wita  the  true  weight  of  the  atom  of  phosphcnrus, 
phosphorous  acid,  and  phosphoric  acid,  and  had  explained  all 
the  errors  into  whicli  I  htiti  lalicn  in  my  orio^inal  paper.  I  had, 
thertfore,  been  extreiacly  desirous  of  withdrawnig^  my  paper 
from  the  Royal  krociety,  in  order  to  have  an  opportunity  of  cor- 
recting it.  Of  course,  when  it  was  put  into  my  hands  by 
Dr.  WoUaston,  I  requested  of  the  Society  to  be  allowed  to  keep 
it,  and  this  request  they  were  kind  enough  to  indulge  me  in. 

Just  at  the  time  that  mv  proof  sheet  giving  an  account  of 
phosphorus  in  the  fifth  edition  of  my  System  of  Chemistry  was 
in  my  possession,  1  received  Mr.  Dalton's  short  paper  on  phos- 

?huretted  liydrogen  gas,  which  was  printed  in  the  Annals  of 
^hilomffhy.  In  that  paper  iVlr.  Daiton  states  that  phosphuretted 
hydrogen  gas  is  capable  of  condensing  twice  its  vohime  of 
oxygen  o  as.  I  had  just  before  been  informed  by  Gay  -Lussac  of 
Dulong's  discovery  of  hypophosphorous  acid,  and  had  read  over 
Berzeltus's  paper  on  phesphoros  and  its  compounds,  in  which  he 
shows  by  a  number  of  atnalyses  a^eeing  Tcry  well  with  each 
oth^  thiit  the  atomio  weight  of  phosj^ric  aetd  is  4*5,  or  «t 
hest  veiy  near  lhat  mmber.  Being  peifeolly  sure  of  the  aoott- 
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racy  of  my  own  experimentSy  and  not  aospectnig  any  inaccnmcgr 
in  Mr.  [ualton's,  I  naturally  concludeid  that  phosphnretted 

hydrogen  gas  was  capaJblie.  of  uniting  with  three  proportions 

oxygen  gas  j  namely, 

1  volume  phosphnretted  hydrogen  with  1*0  volume  oxygen 
1  1*5 
1  2-0 

The  first  two  of  these  proportions  were  my  own  ;  the  hist  wa» 
Daltou's.   Now  phosphuretted  hydrogen  gas  is  composed  of 

I  volume  hydros:en  s^as        1       ,       j  •  x  i 

II  11  r  condensed  mto  one  volume. 

1  volume  pnosphoi  oujs  vapour  J 

The  volume  of  hydrogen  gas  requires  half  a  volume  of  oxygen 
gas  to  convert  it  into  water.  Therefore,  we  have 

1  volume  phosphorus  uuiting  with  0*5  volume  oxygen 

1   1-0 

1   1-6 

This  is  the  same  thing  as  saying  that  an  atom  of  phosphonia 
nnites  with  one  atom,  two  atoms,  and  three  atoms  of  oxygen,  I 
had  demonstrated  that  au  atom  of  phosphorus  weighs  1*5. 
Hence  it  was  obvious  that  the  weights  of  these  three  compound& 
of  oxygen  and  phosphorus  must  be  as  follows  : 

'First  compound  •  •  •  •  •  •  2*5 

Second  ditto :  3*5 

Third  ditto  4  5 

,  I  concluded  that  these  three  compounds  were  hypophospho* 
.rous  acid,  phosphorous  acid,  and  phosphoric  acid.  This  recbn-^ 
.ciled  my  own  experiments  with  those  of  Dalton  and  Berzelins. 

I  was  induced  by  this  reasoning,  which  will  be  admitted  to  be 
suflSciently  plausible,  to  alter  the  proof  sheet,  and  to  bring  it  to 
the  state  in  which  it  appeared  in  the  fifth  edition  ot  my  System 
of  Chemistry. 

Soon  after  this  I  went  to  Glasgow,  and  nearly  a  year  elapsed 
before  I  was  in  possession  of  a  laboratory,  or  had  it  m  my  power 
to  return  to  the  subject.  As  soon  as  i  had  the  means  1  tried 
Mr.  Dalton's  experiment,  and  was  a  good  deal  surprised  to  find 
it  inaccurate.  I  was  unable  to  obtain  a  complete  combustion  of 
a  mixture  of  one  volume  phosphuretted  hydrogen  gas  and  two 
volumes  of  oxygen.  I  was  now  satisfied  that  my  original  views 
on  the  subject  were  correct ;  and  Davy's  paper  on  the  subject, 
which  appeared  about  this  time,  and  which  agreed  exactly  with 
sny  original  views,  served  to  confirm  my  opinion,  Berzelius's 
Experiments  atiU  remained  to  be  accounted  for.  I  was  satisfied 
Ihat  they  must  be  inaccurate;  but  the  difficulty  was  to  hit 
upon  a  method  of  demonstrating  them  to  be  so.  The  eiqpeii- 
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aaento  whicli  I  am  now  going  to  relate  will  leave  no  donbta  on 
tbe  eobject  in  the  mind  of  any  practical  chemiAt,  I  do  not 
know  how  Berzelius  has  deceived  himself  •  but  that  he  laboured 

under  sonae  deception  or  other  will  not  admit  of  a  doubt. 

It  would  be  tiresome  and  perfectly  unnecessary  to  relate  the 
numerous  experiments  which  I  made  to  determine  the  weight  of 
an  atom  oi  phosphoric  acid.  I  shall  confine  myself  to  those 
which  answered  the  object  that  I  had  in  view. 

If  Berzelius's  opinion  respecting  the  weight  of  an  atom  of 
phosphoric  acid  be  true,  then  anhydrous  phosphate  of  soda  i» 
composed  of 

Phosphoric  acid  4*5 

Soda  4*0 

Phosphate  of  soda  •  •  •  •  8*5 


We  have  seen  in  a  former 
composed  of 

Nitric  acid.  ....... 

Protoxide  of  lead  . . . 

Nitrate  of  lead  


paper  that  dry  nitrate  of  lead  is> 

  6-75 

 14-00 

 20*75 


To  put  Berzelius's  analyses  to  the  test  of  experiment,  I 
exposed  a  quantity  of  pure  crystallized  phosphate  of  soda  to  a. 
red  heat,  and  kept  it  in  fusion  for  half  an  hour.  8*5  grs.  of  this, 
anhydrous  salt  and  20*76  grs.  of  dry  nitrate  of  lead  were  respec- 
tively dissolved  in  separate  portions  of  distilled  water,  and  the- 
solutions  were  intimately  mixed  together.  Afler  the  phosphate 
.  of  lead  had  precipitated,  a  portion  of  the  dear  liquid  was  drawn 
off  and  examined.  It  yielded  a  white  precipitate  when  mixed 
with  nitrate  of  lead  and  with  muriate  of  lime*  nence  it  obviously' 
contained  phosphoric  acid  in  solution.  Hence  the  oxide  of  lead, 
in  20*75  ^rs.  or  nitrate  of  lead  is  not  capable  of  neutralising  all. 
the  phospnoric  acid  in  8*5  grs.  of  anhydrous  phosphate  of  soda- 
It  fol  lows  from  this  that  Berzelius's  statement  of  the  compositiim 
of  phosphate  of  soda  is  incorrect. 

if  my  own  opinion  respecting  the  composition  of  phosphoric 
acid  be  true,  its  weight  must  Joe  o'o,  and  anhydrous  phosphate 
of  iioda  must  be  composed  of 

Phosphoric  acid  •••••  3*5 

Soda*.  •  •  4*0 

Phosphate  of  soda   7*5 

To  verify  this  opinion,  7*5  grs.  of  anhydrous  phosphate  of 
soda  and  20*75  grs.  of  dry  nitrate  of  lead  were  dissolvea  respec- 
tively in  separate  portions  of  distilled  water,  and  the  solutions 
mikii  together.  After  the  phosphate  of  lead  had  subsided,  a 
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portion  of  the  clear  iiqnid  was  drawn  oti  and  examined.  It 
yielded  no  precipitate  when  mixed  with  nitrate  of  lead  or  muriate 
of  lime ;  and,  therefore,  contained  no  phosphoric  aoid  in  sola- 
tion  ;  neither  was  it  atiPected  when  sulphate  of  soda  was  droppad 
into  it— a  proof  that  it  was  equally  free  from  lead.  We  see  then 
^at  the  phosphoric  acid  in  7*5  grs.  of  anhydrous  phosphate  of 
«oda  is  exactly  neutralized  by  the-oxide  of  lead  in  20-75  grs.  of 
nitrate  of  lead.  Therefore  an  atom  of  phosphoric  acid  w«ighi 
3-5,  and  phosphate  of  lead  is  composed  of 

Phosphoric  acid  • .  3*5  . . .  •  20  •  •  •  •  100 
Oxide  of  lead   140  ....  80  ....  400 


17-5  100 

Here  then  is  ihe  source  of  Berzelius's  mistakes.   He  makes 

ihe  composition  of  phosphate  of  lead  to  be 

Pho.s])horic  acid   100 

Protoxide  of  lead  314 

I  do  not  kuuyv  iliu  reason  of  this  difterence.  It  must,  I  think, 
be  owing^either  to  a  mixture  of  two  ph  osphates  of  lead,  or  to  the 
formation  of  a  compound  different  lium  neutral  phospluitc  of 
lead.  I  obtained  a  result  approaching  to  that  of  Berzelius,  when 
I  attempted  to  determine  tne  composition  ot  phosphate  ol  lead 
by  direct  experiments.  But  be  the  cause  of  the  error  what  it 
may,  there  can  be  no  doubt  entertained  of  its  existence,  at  least 
by  any  person  who  will  take  the  trouble  to  repeat  the  experimjeat 
which  1  have  just  described. 

We  see  that  the  weiu;hts  of  the  atom  of  phosphoric  acid  and 
of  h'nie  are  exactly  equal.    Hence  neutral  phosphate  of  hme  is 
.composed  of 

Phosphoric  acid  60 

Lime  50 

ioo 

When  I  first  attempted  to  determine  the  weight  of  an  atom  of 
phosphoric  acid,  I  had  recourse  to  salts  of  Ume,  knowing  the 
perfect  insolubility  of  phosphate  of  lime  in  water.  1  uissmved 
determinate  weights  of  carbonate  of  lime  in  muriatic  acid^  evapo- 
rated the  solution  to  dryness,  and  mixed  it  with  a  deteroiinate 
weight  of  phosphate  of  soda;  but  I  soon  found  that  it  is  impos- 
sible to  precipitate  Hme  completely  from  a  muriatic  acid  solutioa 
of  lime  (though  perfectly  neutral)  by  means  (^phosphate  of  soda* 
The  sdiution  of  muriate  of  soda  has  the  property  of  nolding  phos- 
phate of  lime  in  solution^  and  the  presence  of  lime  is  always 
indicated  in  the  clear  solution  by  means  of  oxalate  of  aansoiiMU 
which  throws  down  a  copious  precipitate  of  oxalate  of  lime.  I 
hare  no  doubt  that  this  soloUltty  or  phosphate  of  Vmm  m  sbhi- 
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iaoDB  of  muriate  of  soda,  and  probaUr  ia  many  other  saline 
eolations,  has  miskd  ttp^nmentecB  in  their,  attempts  to  ana^^M 

tlie  phosphates. 

I  intend  the  first  leisure  opportunity  to  correct  my  old  (japer 
on  phosphoric  acid^  and  ^ve  it  to  the  puhhc.  It  contains  many 
facts  still  unknovvii  to  chemists  in  general,  notwithstanding  the 
experiments  of  Berzelius  on  the  subject  j  and  now  that  I  am 
aware  of  what  the  true  composition  of  the  phosphates  is,  it  will 
BOt  be  so  difficnlt  to  obtain  accurate  results, 

5.  The  exact  knowledge  of  the  weight  of  an  atom  of  arsenic 
acid  is  of  considerable  importance  towards  the  perfection  of  the 
atomic  theorv.  Hitherto  Berzelius  is  almost  the  only  person  who 
has  made  direct  experiments  to  determine  tiie  atuiiuc  weights  of 
arsenious  and  arsenic  acids,  lie  has  concluded  from  liis  experi- 
ments, and  the  conclusion  seems  to  have  been  acquiesced  in  by 
chemists  in  general,  that  the  oxygen  in  arsenious  and  arsenic 
acids  are  to  each  other  in  the  ratio  of  3  to  5.  It  will  be  seen 
bom  the  table  near  the  beginning  of  this  paper,  that  my  atomic 
number  for  the  weight  of  an  atom  of  arsenic  acid  very  nearly 
agrees  with  that  of  Berzehus.  In  a  (taper  pubhshed  in  a  late 
volume  of  the  Annals  of  Philosophy,  iiuleed,  I  endeavoured  to 
show  that  the  double  oi  my  number,  or  14*5,  which  very  nearly 
aigrees  with  the  number  actually  j^itched  on  by  Berzehus,  is  the 
real  weight  of  the  atom  of  arsenic  acid.  The  object  which  X 
had  in  view  was  to  get  rid  of  certain  fractions  which  disfigure 
the.  composition  of  arsenious  and  arsenic  acids  as  I  represonted 
them  in  the  .fifth  edition  of  my  System  of  Chemistry .  The  expe- 
riments which  I  am  now  going  to  relate  will  show  how  far  these 
-views  are  coni^tent  with  matter  of  fact» 

If  arseniate  of  soda  in  cnrstals  be,  as  I  represented  it  in  a  pre> 
ceding  paper,  a  compound  of  1  atom  arsenic  acid  =  14*5  and 
1  atom  soda  =  4,  then  its  composition  must  be  as  follows : 


Arsenic  acid  •   1  •  •  14*5 

Soda   40 

Arseniate  of  soda  18*5 

We  have  seen  already  that  nitrate  of  lead  is  composed  of 

Nitric  acid  .   C)-75 

Protoxide  of  lead   14*00 

■ 

Nitrate  of  lead  20'76 

18*5  gTs.  of  arseniate  of  soda  previously  kept  in  a  state  of 


igneous  fusion  for  half  an  hour  in  a  platinum  crucible,  were  dis- 
solved in  distilled  water.  20*75  grs.  of  nitrate  of  lead  were 
dissolved  in  another  portion  of  distilled  water,  and  the  two  solu- 
tions mixed  intimately  with  each  other.  After  the  arseniate  of 
lead  had  subsided,  the  clear  liquid  was  drawn  ofi*  and  examined. 
When  mixed  with  nitrate  oi(  lead,  a  yeiy  cKifious  precipitate  feU^ 
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showing  that  the  liquid  still  contained  a  great  deal  of  arsenic 
acid ;  consequently  the  supposition  that  the  crystallizabie  arse- 
niate of  soda  is  a  compound  of  one  atom  arsenic  acid  and  one 
atom  soda  cannot  be  well  founded.  This  will  appear  stiU  more 
•dearly  by  the  fullowing  expernnent : 

Supposing  that  the  crystallized  arseniate  of  soda  contained 
two  atoms  of  arsenic  acid  united  to  one  atom  of  soda,  I  took  a 
quantity  of  carbonate  of  lime,  eouivalent  to  two  atoms  of  lime, 
which  is  obriously  12*6  grs.;  m  carbonate  of  lime  is  c6m* 


posed  of 

Caiboniemcid  •  2*75. 

lime  3*60 

Carbonate  of  lime  •  6*26 


And  6*25  x  2  «  12^6.  This  quantity  I  dissolved  in  muiiatic 
acid,  evaporated  the  solution  to  dryness,  and  dissolved  the  dry 
salt  in  distilled  water.  18*5  grs.  of  dry  arseniate  of  soda  were 
dissolved  lu  another  portion  of  distilled  water.  These  two 
liquids  were  mixed  together.  I  was  surprised  to  find  that  no 
precipitate  of  arseniate  of  hme,  or  at  least  only  a  very  slight  one,  ' 
appeared.  The  solution  had  the  property  of  reddening  vegetable 
blues.  We  see  from  this,  that  bmarseniate  of  soda  is  incapable 
of  decomposing  muriate  of  lime.  When  ammonia  was  poured 
into  the  solution,  a  copious  precipitate  of  arseniate  of  lime  fell 
in  small  silky  needle?^.  After  the  precipitate  had  subsided,  the 
clear  liquid  was  found  to  precipitate,  when  mixed  with  oxalate 
of  ammonia.  It,  therefore,  contained  an  excess  of  lime.  This 
experiment  shows  clearly  that  the  cr}^stallized  arseniate  of  soda 
is  a  binarseniate^  and  that  an  atom  of  arsenic  acid  weip.hs  more 
than  7*25,  the  weight  which  I  assigned  in  the  Mth  edition  of 
my  System  of  Chemistry. 

After  a  great  many  trials,  which  I  consider  it  as  useless  to 
Tdate,  I  found  that  19'5  grs.  of  binarseniate  of  soda  and  41*5 
grs.  of  nitrate  of  lead,  when  separately  dissolved  in  distilled 
water,  and  the  solutions  well  mixed  together,  after  all  the  arse- 
-  niate  of  lead  had  precipitated,  left  a  dear  liquid  which  contained 
no  sensible  quantity  of  oxide  of  lead,  or  of  arsenic  add.  But  if 
18'5  grs.  or  19  grs.  of  binarseniate  of  soda  were  employed,  an 
excess  of  lead  always  remained  in  solution.  From  tnis  experi- 
ment, it  is  obyious  that  the  equivalent  number  for  anhydrous 
binarseniate  of  soda  is  19*5,  and  that  it  is  a  compound  of 
2  atoms  arsenic  acid  =:  15*5,  and  1  atom  soda  =  4. 

Hence  an  atom  of  arsenic  acid,  instead  of  weighing  7*25,  as  I 
.  supposed,  weighs  in  fact  7*75,  and  aiseniate  of  Ibm  is  a  com 


pound  of  ^ 

Arsemc  acid  •  • .  7*75 

Protoxide  of  lead  14*00 


Arseniate  of  lead  21*.76 
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There  is  reason  to  conclude  from  the  experiments  made  by 
different  chemists  on  ai-senic  and  arsenious  acid,  that  the  weight 
of  an  atom  of  arsenic  is  4-75.  It  may  be  seen  by  consuitinp^  my 
System  of  Chemistry  (either  hfth  or  sixth  edition)  that  Berzelms's  f 
experiments  lead  to  the  conclusion  that  arsenious  acid  is  a  com- 
pound of  4*75  arsenic  -|-  1*5  oxygen.  The  preceding  experiment 
teaves  no  doubt  that  arsenic  acid  is  a  compound  of  4*75  arsenic 
4-  3  oxygen.  Thus  we  haTe  these  two  acids  composed  as 
fbUows : 

Arsenious  acid  of.      4*76  arsenic  +  1*6  oxygen 
Arsenic  acid  of.  •  •  •  •  4*75  +  3*0 

We  see  that  the  oxygen  in  these  two  adds  has  not  the  latio  . 
of  3  to  5,  as  BerzeUus  supposed^  bat  <tf  1  to  2.   The  anomaty 
of  U  atom  of  oxygen  combined  with  1  aftoas  of  aisenie  in  aiae- 

nious  acid  still  continues.  I  have  not  yet  hit  upon  a  method  of 
putting  the  atomic  weight  of  an  atom  of  arsenious  aeid  to  the 
test  of  an  unequivocal  experiment ;  bat  I  have  little  doubt  that 
the  true  weight  of  oxygen  m  arsenious  acid  combined  with  4*75 
arsenic  is  2  ;  and  that  the  oxy<2:eu  ia  arsenious  andiirsenic  acids 
have  to  each  other  the  ratio  of  2  to  3 ;  as  is  the  case  in  sulphu- 
rous  and  sulphuric  acids.  I  conceive  the  atomic  weights  of 
arsenic^  arsenious^  and  arsemc  acids,  to  be  as  follows : 

^Wfl!§^  ttf  Mom. 

Arsenic  4*75  ^ 

Arsenious  acid  .'  6*75 

Arsenic  acid  « • .  7*76 

The  two  acids  are  composed  as  ibUows : 

Arsenious  acid  1  atom  arsenic  +  2  atoms  oxygen 
Arsenic  acid . .  1  +3 

I  do  not  despair  of  being  able  to  decide  this  very  important 

point  hereafter  by  satisfactory  experiments.  In  the  mean  time 
we  may  conclude  that  the  ratio  ot  2  to  5,  which  Berzelius  has 
endeavoured  to  establish  in  the  oxygen  combining  with  phos- 
phorus and  with  arsenic,  does  not  exist.  This  is  a  simplification 
of  the  atomic  theory  of  some  importance.  I  am  thoroughly  per- 
suaded that  as  we  proceed  in  our  investigations,  the  simplicity 
of  the  atomic  theory  will  become  more  and  more  apparent.  The 
complex  numbers  of  Berzehus  will  all  disappear;  and  the  appli- 
cation of  mathematical  reasoning  will  by  and  by  enable  us  to 
advance  with  unexpected  rapidity  in  the  chemical  investigation 
of  the  vegetable  and  animal  kingdoms. 
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Article  II. 

On  the  Geology  oj  the  Malvern  JliUs.    By  William  Phillips,  • 
FLS.  MGS  1.  &  C.  and  Hon,  Mem.  of  the  Cambridge  Philo- 
•  aopbicai  Society. 

Tiit^  Malvern  range  of  lulls  is  pecuiiaily  iiueresting  as  bein^ 
BUI  rounded  by  deposits  which  appear  to  have  little  geological 
connexion  with  its  rocks,  as  well  as  from  the  remarl<able  com- 
position of  the  latter.  In  the  first  volume  of  the  Transactions 
'  of  the  Geological  {Society,  there  is  an  interestinof  communication 
on  the  subject,  by  Leonard  Horoer,  Esq.  FRS.  &c;  but  having, 
as  I  imagine,  observed  some  circumstanoes  deserving  of  note 
vvhich  escaped  the  notice  of  that  gentleman,  I  venture  to  sup- 
pose them  worthy  of  a  place  in  the  Annals  of  PhUosophy  ;  .and 
as  it  would  be  difficult  to  render  these  observations  intelligible 
without  ^▼ing  a  general  account  of  the  range,  I  am  induced  to 
incorporate  llieni  vrith  es:lracts.from  the  paper  aboDenaientioned, 
distinguishing  such  extracts  by  placing  them  between  inverted 
commas ;  thus  afibrding  to  the  traveller  a  comjnehensive  view 
of  this  sioguhily  interestinff  range,  but  premigmg  that  he  wiH 
find,  in  the  first  volume  of  the  TraDsactions  of  &e  Geological 
Society,  many  minutisa  which  do  not  appear  essential  to  the 
present  object,  which  is  primarily  to  show  that  the  rocks  of  this 
range  are  occasionally  stratified;'  and' secondly,  to  do  away  the 
too  commonly  received  and  erroneous  opinion  that  they  partly 
consist  of  granite.  '  ' 

"The  Malvern  hills  are  situated  in  the  south-western  pari,  of 
Worcestershire:  the  boundarv  which  divides  the  counties  of 
Worcester  and  Herefr^rd  passes  along  their  western  side.  They 
consist  of  aii  uiuiiKjn  upted  chain  of  about  nine  miles  in  length 
from  north  to  south,  their  greatest  breadth  not  exceeding  two 
imies.  The  several  parts  of  the  chain  present  roundish  sum- 
mits," but  the  nearly  continuous  line  formed  by  the  summit  of 
the  central  part  of  the  range  forms  a  remarkably  narrow  ridge, 
which,  except  here  and  there,  is,  in  common  with  the  rest  of 
these  hills,  covered  with  short  grass  and  moss  :  fern  is  also  seen 
on  the  sides,  except  where  the  rocks  rise  from  beneath  the 
yegetation. 

The  highest  point  of  the  range  is  the  Worcestershire 
Beacoi),  which  ia  1444  feet  above  the  level  of  the  sea;  the 
Herefordshire  Beacon,  and  North  Hill,  are  somewhat  lower/' 
,  The  range  is  flanked  on  the  western  side  by  limestone  in 
remarkably  regular  strata  dipping  generally  to  the  north  or 
north-west,  at  a  low  angle,  and  on  the  east,  and  the  norlli  and 
south  extremities,  by  the  New  Red  Sandstone  or  Red  Marie, 
which  is  visible  beside  the  road  in  two  or  three  places  on  the 
south  of  Great  Malvern,  at  a  higher  elevation  than  diat  place, 
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and  at  the  nearest  to  it  in  strata  dipping  to  the  east  conformable . 
with  the  dip  of  the  hill,  it  is,  therefore,  very  considerably  higher 
than  the  country  on  the  east  of  the  range  which  consists  of  the 
same  deposit. 

The  soil  which  supports  the  moss  and  grass  with  which  the«^ 
liills  are  generally  covered  appears,  for  a  few  inches  in  depth,  to 
aMOttietCe  character  of  vegetable  mould,  but  that  there  is  below 
it»  and  coTering  the  rocks  of  which  the  hills  are  constituted^  a 
depth  of  loose  earth,  is  not  only  evinced  bv  the^nerally  smooth 
snrfitce  of  the  hills,  and  by  the  occasional  openmgs  beneath  the 
Tegetation,  but  also  by  the  fresh  mole-hills  whicm  are  found  ia 
many  places^  and  even  near  the  summits  of  some  parts  of  the' 
ranse*  This  loose  earth  varies  in  colour  from  that  of  commou 
•and  to  a  &wn  colour^  and  in  substance  sometimes  resembles 
sandy  loam  in  appearance :  it  is  probable  that  it  has  resulted! 
from  the  decomposition  of  the  softer  and  more  readily  decom- 
posable rocks  of  these  hills,  and  it  is  owing  to  this  decomj^ositioii 
that  the  comparatively  little  opportumty  for  examimi^  the 
natufe  of  the  rocks  of  this  range  is  con&ied  to  those  which  rise 
here  and  there  on  the  Bummitsand  sides  above  the  grassy  cover- 
ing, and  -to  the  sides  of  the  carriage  road  which  runs  near  ka 
base  for  a  considerable  distance  on  both  sides  the  range,  and[ 
round  its  northern  termination,  and  to  the  quarries  at  the  latter 
place,  and  also  Castle  Morton  quarry,  about  two  miles  south 
of  Little  Malvera  to  which  mav  be  added  the  loose  masses  in 
the  ravine  behind  Great  Malvern,  and  lu  that  between  North  Hill 
and  End  Hill. 

It  must  be  acknowledged  that  it  is  impossible  to  give 
to  the  rocks  of  these  hills  one  general  designation  j  but  tney 
appear  to  belong  to  sienite  and  the  trap  formation.  The  differ- 
ence between  sienite  and  e!;reenstone  consists  only  in  the  colour 
of  the  felspar.  These  rocks  may,  for  the  most  part,  be  denomi- 
nated greenstone  ;  often,  however,  they  consist  decidedly  of 
sienite,  and  sometimes  may  properly  be  termed  sienitic  green^ 
stone ;  occasionally  epidotic  sienite.  Whenever  the  felspar 
appears  in  any  consideiable  mass,  either  m  the  form  of  a  bed, 
or  stratum,  or  of  a  vein,  it  is  ahiiost  uniformly  of  a  red  colour, 
while  in  those  in  which  that  substance  is  in  small  grains  (and 
is  sometimes  so  small  that  the  rock  appears  homogeneous),  it 
is  most  commonly  wfaite^  or  of  a  greyish-white  colour^  more' 
rarely  red. 

The  minerals  of  this  ran^e  may  be  considered  as  being  com- 
prehended in  the  following  list: 

Crystalline  hornblende  may  be  considered  as  being  the  pre-^ 
vaihne  rock  of  these  hills. 

Itea  felspar,  often  enclosing  hornblende,  sometimes  mica,^ 
eptdote,  or  calcareous  spar ;  occasionally  interstratified,  and  iilT 
reins, 

' ,  An  earthy  substante,  sometimes  resembling  liihomarge,  but 
Jfew  Series^  tol,  i,  b 


Digitized  by  ^qgle 


which  appears  to  be  hornbieade  in  a  peculiar  state^  probably  iiX 
of  decomposition. 
Mica  in  veins  and  beds,  enclosed  in  felspar,  ^« 
Talc,  enclosed  in  felspar,  &c. 
*  Epidote,  both  compact  and  crystallized  in  veins,  and  oecm^ 
«H)nitUy  forming  an  integrant  part  of  the  rock, 
'  tbiartz,  in  veins,  and  imbedded  in  felspar. 
Hemy  spar,  in  veins,.&c. 
Magnetic  iron  ore. 

The  rocks  of  this  ranjre  are  for  the  most  part,  where  they  catt 
be' seen  above  the  surrace,  confusedly  heaped  together:^  so 
Oiitf  except  in  two  places,  which  will  presently  be  noticed  mote 
iM^cdarly,  no  decisive  appeaninCes  of  stratification  are  to  be 
^bterved,  unless  indeed  we  may  be  allowed  to  infer  the  exist- 
Mce  of  stratification  wheresoever  the  hornblende  rock  assumed 
lk''6laty  stnictore,  indicating  the  direction  of  the  di^;  if  tihiii 
Mference  be  allowable,  it  may  be  assumed  that  stratihcation  kf 
tttdte  common  to  these  rocks  than  it  appears  at  first  sight. 

The  nearest  place  to  Great  Malvern  at  which  a  strong  ten- 
dency to  regular  stratification  appears,  is  about  three  miles  on 
tlie  south  of  it,  and  about  100  yards  beyond  the  stone  which 
inscribed  Ledbury,  fuur  miles/'  The  beds  here  consist  chiefly 
of  red  felspar,  from  an  inch  or  let^s  to  a  foot  in  thickness, 
enclosing  quartz  and  hornblende,  rarely  rnica  :  the  interstratified 
substances  are,  hornblende,  occasionally  mixed  with  talc,  and 
sometimes  including  a  thin  layer  of  red  felspar  and  quartz,  or  of 
granular  felspar  with  hornblende  greatly  resembHngmica,  ol  which 
the  slaty  structure  is  parallel  with  the  beds  oi  felspar :  here  and 
there  are  layers  of  granular  quartz,  mica,  telspar,  and  hornblende, 
the  plates  of  the  mica  being  parallel  with  the  general  dip  of  the 
beds  ;  hombh  iide,  sometiaies  of  a  slaty  structure,  occasiunally 
Occurs  in  the  same  direction,  but  it  now  and  then  appears  to 
pass  into  an  earthy  substance  havmg  somewhat  the  appearance 
of  lithomarge.  These  beds  vary  from  half  an  inch  to  a  foot  ia 
thickness,  and  though  not  stratified  with  perfect  regularity,  are 
visible  for  nearly  100  feet  in  length,  and  12  or  14  feet  in  height, 
above  which  the  hill  is  covered  with  verdure.  Many  of  the 
beds  may  be  traced  for  several  feet.  These  beds  dip  at  an  angle  of 
ttbout  20  de^es  to  the  north-east. 

In  this  place,  these  beds  are  traversed  by  a  dyke  of  green- 
stone, about  two  feet  wide,  except  that  it  narrows  a  little  about 
1^  inches  above  the  road,  and  dipping  nearly  north,  at  an  anela 
of  about  70^  with  the  horizon.  The  top  of  this  dyke  protruded 
Itlboire  the  beds  it  traverses,  as  is  represented  in  the  following 
sketch,  but  it  was  not  to  be  perceived  that  these  beds  were  St 
^  disarranged  by  it,  the  portions  of  them  next  to  it  not  bein^ 
iSohied  either  upivards  or  downwards ;  nor  did  they  seem  to  haevo 
Mififered  any  alteratioD  of  texture  or  appearance  wheie  the  con- 
ttUSt  Was  <ifotnplete«   The  greenstone  of  the  dyke  is  so  remaik^ 
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a6ly  fine-grained  as  to  require  the  assistauoe  of  a  ^aes  %a 
discoyer  that  it  is  a  granular  rock,  and  it  lies  in  narrow  layeis 
miDing  nearly  parallel  with  the  sides  of  the  dyke,  but  which  are- 
traversed  by  crevices  not  quite  at  right  angles,  so  as  to  diridcv 
i£e  layers  into  quadrangular  masses,  which,  though  hard,  ore  . 
so  small  and  brittle  as  scarcely  to  afford  a  surface  of  a  square-* 
incih  from  ablow  by  the  hammer.  This  appeared  to  be  the  only  > 
instance  of  a  true  dyke  or  vein  among  the  rodu  of  the  range. 


Pursuing  the  road  from  Great  Malvern  towards  Ledbury,  the  ^• 
rocks  on  its  side  continue  to  present  some,  though  less  decided 
marks  of  stratification,  until  the  road  turns  nearly  due  west;  and' 
Jjist  before  it  has  attained  the  summit  of  the  rise,  a  quarry 
appears  on  the  top  of  the  hill  on  the  right,  perhaps  100  feet 
aoove  the  road.   This  quarry  is  open  to  the  south,  and  here 
stratifioation  is  obvious  from  below.    On  asoendin^  it,  the 
appearance  is  confirmed;  stratification  appears  with  nearly 
me  same  dip,  but  vvith  much  greater  regularity  than  is  apparent ' 
in  the  beds  nesr  the  four-mile  stone.   The  quarry  is  opened  for 
upwards  of  100  feet  in  length,  and  40  feet  in  height;  and  several 
beds  of  the  red  felspar,  which  is  the  prevailing  sul^tance,  may" 
be  traced  very  little  short  of  the  whole  length,  many  of  theill' 
mwaids  of  40  feet,  dependent  on  the  fall  on  the  sides  of  the  Y&\L 
Tke  beds  of  felspar  are  thinnest  near  the  summit;  and  the  inter** 
slmtified  substances  resemble  those  of  the  preceding  instance,' 
with  some  exceptions.   Some  of  the  upper  beds  present  int6r» 
stratifications  of  felspar,  hornblende,  and  mica  (?)  and  eticlost 
small  masses  of  attractive  iron  ;   others  of  slaty  hornblende 
mingled  with  quartz;  others  again  of  felspar  and  hornblende. 
One  stratum,  above  three  inches  in  thickness,  consisting  wholly 
of  slaty  hornblende  greatly  resembling  mica,  may  be  traced 
for  about  40  feet  in  length  along  nearly  the  middle  of  the 
quarry. 

In  tlie  front  of  the  quarry,  and  so  detached  as  to  allow  a 
passage  behind  them,  whence  the  rock  had  been  taken  away,' 
'  stood  two  enormous  blocks,  each  not  less  than  20  feet  m 
height,  and  10  feet  in  other  directions,  of  slaty  hornblende,  of 
which  the  schistose  structure  was  parallel  with  the  dip  of  the 
regular  beds,  which  the  summits  of  these  blocks  still  supported* 
The  upp^  parts  of  these  masses,  where  their  structure  was  most 
regular,  contained  thin  layers  of  red  felspar  eif^dosing  quartz; 
these  layers  nearer  the  centre  were  less  regular,  and  near  the 
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l^Uom  were  quite  irregular:  the  hornblende  here  assumed  a., 
more  crystalline  structure ;  and  here,  if  not  in  most  other  places,, 
the  red  felspar  is  not  crystaflinei  but  either  compact,  or 
granular. 

la  several  places  on  the  eastern  side  of  the  range,-  and  partt«^ 
cularly  within  a  mile  south  of  Great  Malvern,  many  of  the  rocks 
in  which  hornblende  greatly  prevails,  have  that  schistose  struc- 
ture which  has  been  mentioned  as  being  parallel  with  the  beds 
fibove  described  :  here,  however,  if  this  structure  is  to  be  consi- 
dered as  indicative  of  the  direction  of  the  strata,  they  will,  for 
the  most  part,  be  nearly  perpendicular  to  the  horizon,  but  mostly 
with  a  slight  inclination  towards  the  north.  In  no  other  place 
do  marks  so  indicative  of  strati fi cation  nppear. 

The  Wych  affords  an  excellent  opportunity  of  viewing  the 
rocks  of  that  part  of  the  range  :  it  exhibits  a  complete  jumble  of 
most  of  the  rocks  discovered  in  it,  not  without  some  appear- 
ances of  stratificatioa,  which  by  due  examination  pro?e  to  be 
fallacious. 

"  Gbranite,  rarely  presenting  the  same  appearance  as  that  or 
Alpine  countnes,-^notdecidedIy  crystalline,— in  which  sometimes 
the  quartz,  sometimes  the  mica,  is  wanting,"  has  been  described- 
ua"  being  the  prevailing  rock  at  the  Wych,  as  constituting  a  great 
part  of  End  Hill,  and  the  upper  part  of  North  Hill,  and  Swinmt 
Hiil ;  but  it  is  aiao  acknowledged  that    the  mere  term  granite 
would  convey  to  most  minenuogists  an  erroneous  idea  of  the 
nature  of  these  rocks/'   An  anxious  search  among  these  rocka 
^Yery  where  for  more  than  three  parts  of  the  way  along  then^ 
southwards  Irom  their  termination  on  the  north,  did  not  satisfy 
jae.thateyen  a  sin^  hand-specimen  of  well-characterized  granite^ 
c^uld:be„*f<^und.   Granite  is  commonly  understood  to  be  a  rock, 
in*' which  tits .  ingredients,  quartz,  lelspar,  and  mica,  are  alt' 
decidedly  crystalline,  without  the  appearance  of  one  of  them  as 
an  imbedding  substauce.   In  the    granite  **  of  this  range,  the 
felspar  is  invariaUv  an  imbedding  substance,  and  compared  witk 
hornblende,  is  rarely  theimbedded  substance ;  it  may  be  said  rarely 
to  contain  either  quartz  or  mica,  although  each  is  sometimes- 
well  defined,  but  never,  as  far  as  my  observation  goes,  is  imac- 
companied  by  honibiende.    Honibleude  is  moreover  the  prevail- 
ing rock  of  the  range,    lii  the  quarry  on  the  side  of  the  road  to 
Ledbury,  hornblende  rock  supports  the  stratified  "  granite  ; 
and  in  Castle  Morton  quarry,  on  the  eastern  side  of  the  range^. 
large  blocks  of  red  felspar  enclosing  quartz  and  calcareous  spar, 
are  imbedded  in  hornblende  rock.    These  masses  sometime* . 
appeared  like  short  thick  veins  crossing  each  other  in  various 
directions,  of  which  the  terminations  were  mostly  visible.  It 
appears,  therefore,  impossible  to  consider  this  red  felspar  a«  a 
granite,  and  probabh^  that  the  only  reason  \\]\\  many,  if  not  most  ■ 
of  the  projecting  rocks  of  the  ran^j^e  exhibit  a  considerable  pro- 

pprtion  oi  this    granite,''  is,  that  the  hornblende  by  which  it 
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was  bereU^ore  flanked,  and  perhaps  covered,  has  been  deconik 
posed  and  converted  into  tnt^  red  earth,  eveiy  where  visible 
.  beneath  the  verdure,  and  oflen  to  a  considerable  depth;  and  it 
.18  to  this  decomposition  that  we  are  to  attribute  not  only  die 
^generally  smooth  surface  of  these  hills,  but  abo  the  existence  of 
nomerons  masses  of  greenstone,  sienite,  and  red  felspar,  in  tba 
'valleys,  on  the  sides  of  the  hills,  and  which  still  remain  in 
^at  quantity  imbedded  in  the  reddish  earth :  all  tiiese  por- 
laons  of  roclcs  are  still  angular,  without  exhibiting  any  appear* 
ance  of  having  suffered  by  attiition. 

The  alleged  origin  of  this  loose  reddish  earth  seemed  the  more 
jplausible  from  finding  that  the  hornblende  rocks,  which  were  in 
a  state  of  decomposition,  yielded  an  earth  of  the  same  colour  and 
appearance  beneath  the  hammer.  Near  the  summer  house  on 
the  top  of  the  ridge,  west  of  Little  Malvern,  it  contains  portions 
of  a  rock  which  have  greatly  the  appearance  of  mica  slate,  and 
also  masses  of  white  quartz  ;  while  on  the  western  side,  near  the 
foot,  columnar  masses  of  sandstone  mostly  quandrangular,  and 
sometimes  a  foot  in  length,  and  containing  internal  ochreous 
spots,  are  found  in  loose  earth  beneath  the  verdure. 

The  foregoing  facts,  together  with  an  examination  of  the  pro- 
jecting rocks  of  the  range,  of  the  varieties  of  which  some 
account  is  annexed,  appear  sufficient  to  induce  the  conclusion^ 
that  all  are  to  be  considered  as  sienitic,  or  belonging  to  the  trap 
ibrmation,  but  of  a  peculiar  character. 

Annexed  is  a  sketch  of  a  mass 
of  highly  cryslalline  hornblende, 
about  four  feet  long,  and  three  feet 
in  other  directions, .  which  I  ob- 
^served  lying  in  the  valley  between 
l^orth  HiU  and  End  HilL  The 
"  veins  "  were  of  red  felspar,  enclos- 
ing hornblende.  This  sketch  will  serve  as  a  fair  specimen  of 
ihe  general  directions  of  the    granite  veins  "  of  this  range. 

In  other  masses,  the  veins  were  of  epidote. 

Rocks  of  the  Maivem  Hills,  and  their  principal  Localities. 

Hornblende  is  the  prevailing  substance  of  the  rock  at  Castle 
Morton  quarry  on  the  eastern  side  of  Swinnit  Hill.  It  is 
highly  crystalline  at  that  quarry,  and  sometimes  contains 

roundish  masses  of  calcareous  spar,  in  other  places  specks 
of  red  felspar.  It  is  sometimes  traversed  by  red  felspar  in 
every  possible  direction,  in  veins  which  cannot  be  considered 
other  than  contemporaneous,  from  the  16tli  of  an  inch  to  a 
foot  in  thickness,  and  rarely  of  any  considerable  length,  and 
often  terminating  abruptly.  Thin  veins  of  calcareous  spar 
traverse  the  red  felspar  in  various  directions,  striated  con- 
trary to  the  run  of  the  vein  ;  it  often  contains  hornblende^; 
rarely  mica.   It  is  also  the  prevailing  rock  of  the  quarry  at 
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the  northern  ])«u  t  ot  tlit;  range.   Uombleude  rock  passea 

into  a 

^  'SubMance  of  a  (.\ii  k  green  colour ^  imperfectly  slaty  texture, 
and  earthy  fracture,  and  of  smooth  surface^  abounding  at  the 
Wych/'  and  having  the  appearance  of  forming  a  bed  there: 
it  is  interstratified  with  beds  of  red  felspar,  a  htUe  south  of 
the  four  mile-stone  between  Great  Malvern  and  Ledbuiy* 
That  hornblende  passes  into  this  substance  will  become 
manifest  by  the  use  of  the  hammer  at  the  Wych. 
''Crtanstvne  and  sietiiiic  rocks,  both  large  and  small  grained^ 
abound  on  the  sides  of  End  HtU  and  North  Hill,  and  occur  . 
on  their  summits.  Very  fine  grained  greenstone  occurs. in 
ft  oolumner  form^  breaking  readily  parallel  to  two  of  its 
planes,  and  sometimes  in  Uie  form  of  an  obtuse  rhomboid, 
as  near  the  summit  of  the  Worcestershire  Beacon,  and  on 
End  Hill,  A  hard  and  somewhat  schistose  rock  of  horn- 
blende and  felspar  in  minute  grains  occurs  in  situ  on  the 
western  side  of  the  range,  south  of  the  Worcestershire 
Beacon:  on  the  eastern  side,  a  little  south  of  Great  Mal- 
vern, are  rocks  ot  crystalline  hornblende,  enclosing  specks 
oi  red  felspar  and  quartz,  the  mass  being  traversed  by  veins 
of  epidote.  Slaty  hornblende  enclosing  specks  and  largjer 
portions  of  felspar  occurs  at  the  Wych. 

Jiornblende,  reddish  fchpar,   and  quartZy      in  small  c^rains, 
■constitute  some  of  the  rocks  of  End  Hill  and  the  summit  of 
North  Udl,  and  form  a  prevaihng  rock  of  these  hills.  It 
sometimes  contains  magnetic  pyrites,  veins  of  epidote,  aAd 
sulphate  of  barytes." 

Mornhlendej  felspar y  quartz,  and  a  little  mica,  "  constitute  the 
rocks  on  the  west  side  of  End  Hill ;  and  on  the  side  of  the 
road  leadiiig  up  to  the  Wych/\  hornblende  prevails  in  die 
latter,  and  the  rock  is  schistose* 

jRornhlende,  with  a  few  spangles  of  mica,  and  a  little  felspar, 
^  on  the  ridge  connecting  North  Hill  and  End  Hill. ' 

Hornblende  and  mica  ^'are  the  constituents  of  rocks  on  the 
top  of  the  hill  between  the  Worcestershire  Beacon  and  the 
Wych,'* 

Hornblende  and  mica,  in  a  state  of  decomposition,  mixed  wiih 
red  felspar:  rocks  of  these  constituents,  and  of  a  slaty 
structure,  occur  on  the  north-east  side  of  the  Worcester* 
shire  Beacon,  and  on  the  road  leading  from  Great  Malvern 
to  St.  Anne's  WeU/' 

Hmnhknde  and  epidote,  with  specks  of  mica,  and  contain- 
ing  veins  of  ^dote,  constitute  rocks  on  the  north  side  of 
End  Hill."  Rocks  of  highly  crystalline  hornblende  enclos- 
ing specks  of  red  felspar  and  epidote  (sometimes  without 
the  latter),  are  found  m  various  places  nt^ar  the  northern 
termination  of  the  range. ' 

Gompwit  feUpar,  ^*  Qi  a  pale  flesh  colour,  is  the  prevailing 


Digrtized  by  Google 


Digitized  by  -Google 


J821.]  tU  Geology  of  the  Malvern  Hills. 

^  TOck  on  the  side  of  the  road  as  it  rises  along  the  side  of  the 
'     valley  above  Little  Malvern,  and  winds  round  the  northern 

face  of  the  Herefordshire  Beacon/'      ^^h.^.a  . 
Felspar  and  quartz,     with  a  little  micek  and  epidoief  ^^ve  de- 
scribed     principally  composing  the  rocks  of  the  western 

side  of  the  range,".  "  . 

Compact  felspar,  hornblende^  quartz,  and.  steatite,  "  of  an  earthy 
texture,  imbedding  detached  crystals  of  felspar,  form  a 
rock  on  the  south  side  of  Holly  Bu^h  Hill.'-Mij.'»  m 
Opaque  quartz  and  silvery  mica,  "  in  the  form  of  a  vein,  occurs 
on  the  side  of  the  road  leading  up  to  the  Wych." 
\  Felspar  and  niicqy     united  by  ^  ferruginou»s  clay,  as  far  as 
}'        the  closei^ess  of  its  texture  would  admit  of  decision,  formed 
a  massive  rock  exposed  on  the  south  end  of  the  range, 
r  ,  .  called  Ragstone  Hijl  by  the  quarriers.    The  rock  is  of  an 
olive-green  colour,  and  is  occasionally  traversed  by  vei^i^ 
of  calcareous  spar."  '  .  .  .      I  '    '  ..    '  .  .  ♦  "  >  .  •  i  ''T'S 
Conglomerate,  "  fine  grained,  o^  a   dark-brown  colour,  an^ 
composed  of  felspar,  steatite,  and  calcareous  spar,  united 
by  a  ferro-argillaceous  ba^e,  and  containing  some  minute 
specks,  of  a  greenish  yellow  substance,  in  diverging  hbre^, 
which  is  probably  actjnolite.    This  rock,  which  occurs  ft 
short  way  to  the  south  of .  tlie  H^r^fords^iry.  Be^p^ 
attracts  the  magnet."     *  '       '  '  •  T'  '  .  . 

,Cp,fi^lomerate,  of  rounded  masses  and  crystals  of  quartz  and 
"  felspar,  with  some  hornblende  united  by  an  argillaceous 
cement,  in  the  new  road  lately  made  on  the  side  of  NortJb 
Hill. 


Article  III. 

'Ji^n  Account  of  a  remarkable  Stratum  of  Limestone,  situated  at 

•    Calder  Side:  CWith  a  Plate.) 

'  The  stratum  of  which,  in  the  following  pages  I  have  endear- 
voured  to  give  some  account,  is  situated  in  the  farm  of  Calder 
Side,  in  the  parish  of  Kilbride,  about  10  miles  to  the  south  of 
Glasgow ;  and  occurs  in  the  position  noted  in  the  following 


.      .  .  ..  Feet.  Inches. 


Alluvial  ?arth>  .*  .•     .  - 

Bituminous  shale.  . 

Bayard  ironstone,  £ind  reddish-blfick  bitumi- 
nous schistus   9     0  . 

<r Perforated  stratum,  to  be  described   1     0. .; 

Very  .tbiu  stratum  of  r^ddish-blagksQhistus.. 

Ironstone.  ;  •<   0  .2^ 

; . Scbi^tuA  abounding  in  quartz  sand.  .  •  • .    ...   0  6 
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Feet.  IhAm. 

Intercepted  stratum  of  (quartz. 
Marly  schistus,  intermediate  in  colour  between 
-  '       greenish-grey  and  veUowish-grey,  and  con- 
taining the  charred  remains  of  Yegetables.   0  10 

Coal.   0  1+ 

Bituimnons  sh^le   0  2 

Bituminous  shale,  differing  from  the  preceding 

in  being  filled  withnoaules  of  ironstone  •  •  11  1 
Limestone* 

Schistus  containing  petrified  entrochi,  bnt  no 
ironstone  nodules   4f  0 

lime  of  considerable  thickness,  and  wrought 
for  the  purposes  of  sale. 

These  strata  are  laid  open  to  view  on  the  side  of  a  steep  bank 
overhanging  the  stream  of  the  Calder,  on  Mr.  Young's  property 
of  Calder  Side  ;  and  a  short  distance  further  up  the  stream  than 
Calder  Wood,  the  seat  of  Sir  W.  Maxwell. 

The  stratum  of  perforated  limestone  is  the  phenomenon  which 
here  attracts  the  notice  of  the  naturalist.  A  representation  of 
its  appearance,  as  seen  at  Calder  Side,  is  attempted  in  the 
sketch  of  the  section  of  the  strata  (PI.  1.)  mentioned  in  the 
table,  and  I  shall  request  your  mdulgence  in  my  endeavours 
now  to  describe  it  at  somewhat  greater  length. 

To  account  HI  a  satisfactory  manner  for  the  formation  of  any 
stratum,  or  to  explain  the  causes  which  have  produced  the  most 
common  geological  appearances,'  are,  perhaps,  equally  beyond 
the  power  of  human  talent,  as  to  account  for  the  formation  of 
the  perforated  stratum  of  Calder  Side.  For  these  reasons  I 
riiall  endeavour  to  confme  myself  to  a  mere  description  of  the 
appearance  of  this  stratum,  and  avoid  any  speculations  as  to  its 
ongin.  It  must  be  owned  at  the  same  time  that  while  the 
•common  occurrence  of  many  wonderful  and  inexpUcable  geolo- 
gical phenomena  divest  them  in  our  eyes  of  the  remarkable 
features  which  they  in  reality  possess,  that  the  imagination  is 
^most  irresistibly  set  at  work,  when  so  singular  an  appearance 
presents  itself,  as  the  one  now  under  consideration. 

This  stratum  probably  consists  of  millions  of  blocks  reseta* 
bling  those  figured  at  fig.  2,  for  a  great  part  of  it  is  still  covered 
by  the  superincumbent  strata  of  sdiistus,  &c.  When  observed 
in  their  natural  position,  these  blocks  are  placed  on  end,  dieir 
upper  and  lower  ends  forming  the  upper  and  under  superficies  of 
the  stratum,  which  is  here  nearly  in  a  horizontal  position,  and 
when  first  exposed  by  the  removal  of  the  superincumbent  strata  has 
the  appearance  of  a  pavement  siniihir  to  some  parts  of  the  Giant's 
Causeway,  irom  the  ends  of  the  blocks  l)eing  so  exactly  fitted, 
and  dovetailed  into  each  other.  This  pavement  is,  however, 
hollow,  and  a  labyrinth  of  concealed  apartments  exists  in  its 
interior^  for  the  blocks  which  at  their  extremities  are  nicely  fitted 
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into  each  other  are  worn  away,  as  it  Avere,  at  their  centres  into 
the  form  represented  at  iig.  2,  and  iig.  1,  section  of  the  perforated 
stratum. 

The  hollow  parts  of  the  stratum  are  filled  with  a  fine  earth, 
nrhich  has  much  resemblance  to  Armenian  bole,  and  is  coloured 
with  iron,  being  stained  and  streaked,  of  various  tints  of  red, 
orange,  and  ye£>w.  This  fine  earth  is  constantly  moist,  and  as 
aoon  as  it  is  exposed  to  the  air,  it  becomes  covered  with  a  laxxL- 
liant  coatine  of  vegetation,  consisting  of  a  minute  species  of 
conferva,  whose  thm  roots,  resembhng  the  fibres  of  a  spider's 
web,  penetrate  it  in  all  directions.  Such  an  appearance  would 
have  afforded  matter  of  speculation  to  Duhamel  and  Henkel,  and 
might  have  assisted  these  philosophers  in  their  researches  rela- 
tive to  what  has  been  term^  the  equivocal  generation  of  plants.* 
'Have  the  diminutive  seeds  of  these  conferra  remained  concealed 
for  ages,  locked  u|>  in  the  interior  of  a  stratum  of  limestone,  and 
*  buried  beneath  various  strata  of  schistus  and  ironstone,  and  stiU 
retained  the  power  of  germinating  as  soon  as  exposed  to  the  air 
of  the  atmosphere  ? 

The  upper  and  under  superficies  of  the  perforated  stratum  are 
thickly  covered  with  petrifactions  consislinoj  of  a  lesser  variety 
of  entrochi,  and  a  quantity  of  shells  oi"  tlie  genus  ostrea,  the 
substance  of  which  does  not  appear  to  have  been  much  changed 
by  the  petrifying  process.  At  the  time  when  these  shells 
became  imbedded  m  their  present  sitLiation,  the  animal  iiiliabi- 
ting  them  could  not  have  been  alive,  as  the  valves  are  all  of 
them  found  st[)aiate,  and  what  is  remarkable,  those  situated 
'both  on  the  upper  and  under  superficies  of  the  stratum  have  the 
.interior  superficies  of  the  valve  almost  invariably  turned  towards 
the  stratum.  In  the  body  of  the  blocks  only  a  few  entrochi, 
and  none  of  the  hivnive  shells  occur.  A  few  of  the  sliells  and 
some  of  the  entrochi  coat  the  surface  of  the  intersticiai  vacui- 
ties. What  a  strange  variety  of  causes  must  here  have  been 
called  into  action  to  produce  the  effects  to  be  observed  here : 
on  the  upper  and  under  superficies  of  the  stratum  we  have  petri- 
isctions  resembling  each  other  in  their  nature.  In  what  may  be 
termed  the  body  of  the  stratum,  we.  entirely  want  the  more 
recent  and  perfect  of  these  petrifactions ;  viz.  the  bivalve  shells^ 
and  have  only  a  few  of  the  entrochi. 

The  same  law  which  seems  first  to  have  acted  in  the  formation 
of  the  perforated  stratum  seems  also  to  have  exerted  its  influence, 
although  only  to  a  very  limited  extent,  upon  the  superincumbent  * 
-strata  of  schistus  and  ironstone ;  for  these  strata  seem  tj>  show  a 
tendency  to  separate  into  somethiag  of  a  crystalline  structure,  aa 
it  were  approaching  to  very  imperfect  basaltic  columns  in  the 
4irection  of  the  lines  A  B     fig.  L 

If  we  could  suppose  that  previous  to  the  Uocka  composing^ 

^  See  Heakel's  I'lon  batumuaoft,  chap.  ii.  p.  3d  and  36. 
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the  perforated  stratum  having  assumed  their  present  form,  they 
bad  been  detached  into  distinct  crystals  bv  some  process  siniiJar 
to  what  basaltic  columns  owe  their  origin  to,  part  of  the  mystery 
Blight  beconsid^ed  as  unriddled  ;  for  no  accidental  rocks  could 
have  separated  the  stratum  into  these  distinct  blocks;  but  Attfl 
the  blocks  becoming  each  of  them  thinner  towards  their  centre 
to  be  explained.  Could  a  stream  of  water  percolating  throii^^ 
liie  interstices  have  reduced  them  to  this  shape?  I  rather  k^r 

•  that  the  laws  of  hydraulics  forbid  such  a  supposition.  The 
middle  part  only  of  each  block  is  worn  away ;  both  ends  remaip 

..entire.  Most  we  not,  therefore,  conclude  that  some  extraordi- 
nary operation  depending  on  chemical  laws  has. at  once  formed 
each  separate  block  into  its  present  form?  but  here  I  must  cajl 
to  recollection  the  inadequacy  of  such  speculations  to  explai|i 
the  subject  of  the  present  paper^  and  confine  myself  to  a  relatippi 
of  facts. 

Many  years  ago  I  had  an  opportunity  of  viewing  from  a  short 
distance  an  appearance  which,  if  ray  memory  does  not  fail  me, 
bore  a  considerable  resemblance  to  the  perforated  stratum  q£ 
Calder  Side.    It  was  what  seemed  to  be  a  lange  of  holes  resem- 
bling in  form  the  holes  made  by  the  Sand  Martin  (Hiiundo 
Riparia)  in  banks  of  sand,  in  which  these  biids  construct  their 
nests.    The  holes  which  I  allude  to  were  situated  in  the  frout 
of  a  steep  rock  overhanging  the  river  Sotha,  near  the  celebrated 
falls  of  Trollhatta.    It  was  in  passing  down  the  river  in  the  dusk 
of  the  evening  that  I  saw  them,  so  that  I  could  not  observe 
whether  the  rock  was  stratified  or  not;  and  indeed  I  should 
probably  not  at  all  have  remarked  them  had  not  the  boatmaa 
who  conveyed  me  down  the  river  pointed  them  out  to  me, 
remaiLmg  at  the  same  time  that  they  were  the  residence  of 
.spirits  ;  and  that  during  the  fine  nights  in  autumn,  a  bright 
light  was  seen  to  issue  from  them.    Most  probably  our  ances- 
tors would  at  once  have  referred  the  perforated  stratum  of  Calder 
Side  to  the  times  when  Various  places  in  Scotland  were  peopled 
by  the  fairies  of  popular  superstition,  and  dated  its  origin  at  th^ 
hands  of  supernatural  beings,  and  explained  its  uses  ^s  formipg 
the  abode  of  the  spirits  of  we  wood,  or  of  the  flood* 

Fig.  1 ,  is  a  section  of  the  strata  at  Calder  Side. 

Fig.  2,  two  of  the  blocks*  composing  the  perforated  stratum 
of  limestone,  taken  from  their  place,  and  seen  in  perspective  as 
placed  upon  a  wall  near  the  spot.  These  Uocks  consist  of  wluit 
•    mm  be  termed  an  argillaceQus  limestone  of  a  Uuish  grey  colomv 
.ud  of  a  very  slaty  texture.    It  appears  to.  contam  much 
bitumen. 
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Artici^s  IV. 

■ 

On  the  Action  of  CUorides  and  Water* 
By  Richard  Phillips,  FRSE.  FLS.  &o. 

> 

DiFFBEENT  opinions  appear  to  be  entertained  by  chemista  of 
ilie  ereatest  eminence  ana  experience  as  to  the  changes  efiected 
on  mose  chlorides  that  are  soluble  in  water  by  solution  in  it* 
On  this  account  I  propose  to  state  such  opinions  as  I  have 
found  detailed  on  the  subject,  and  I  shall  endeavour  to  coUecl 
ttc  evidence  vrhich  has  been  adduced  in  support  of  the  differeat 
views  entertained. 

The  question  to  be  solved  may  be  thus  stated :  When  a  chlo- 
ride is  dissolved  in  water,  does  it  remain  a  chloride,  or  is  it  by 
decomposing  water  converted  luto  a  uiunate  ?  It  is  iurther  to 
considered,  whether  the  same  explanation  will  ajjply  to  all  th? 
aqueous  solutions  of  chluiides. 

With  respect  to  the  non-metallic  chlorides,  it  is  to  be  observecl 
that  one  of  them,  viz.  chloride  of  azote,  is  insoluble  in  water, 
and  consequently  no  change  is  effected  ui  the  properties  of  either 
compound.  The  chlorides  of  phospiiorus  and  of  sulphur  on  the 
other  hand  act  with  great  energy  on  water,  and  ofier  iiicoOf 
trovertii)Ic  evidence  that  water  in  these  cases  suffers  decompo- 
sition, for  the  products  are  such  as  do  not  combine  with  each 
other,  but  exist  in  a  state  of  mixture  ni  the  water,  each  possess^ 
its  peculiar  properties.  Thus  when  chloride  of  phosphorus  aud 
ivater  undergo  mutual  action,  the  oxygen  of  tne  water  forms 
phosphorous  acid  with  the  phosphorus,  and  the  hydro^en^  unites 
with  the  chlorine  to  form  munatic  acid.  The  perchloride  of 
phosphorus  effecting  similar  decomposition  yielcls  phosphoric 
aod  muriatic  acids ;  and  when  chloride  of  sulphur  and  water 
undergo  mutual  decomposition^^  there  are  produced  sulphurous^ 
sulphuric,  and  muriatic  acids. 

Sir  H.  Davy  (Phil.  Trans.  1810)  observes,  that  when  water 
is  added  in  certain  quantities  to  Libavius's  liquor^  a  aoUd  crystals 
line  mass  is  obtained^  from  which  oxide  of  tin  and  muriate  of 
ammonia  can  be  obtained  by  ammonia.  In  this  case,  the  oxv- 
gen  may  be  conceived  to  be.  supplied  .to  the  tin,  hydrogca  to  the 
oxymunatic  acid.'*  In  the  Phil.  Trans,  for  1810,  he  states  more 
distinctly  that  libavius's.  liquor  is  **  converted  into  a  muriate 
by  vrzt&cP 

In  his  Elements  of  Chemical  Philosophy,  Sir  H.  Davy  has 

been,  in  many  instances,  quite  explicit  on  this  point;  and  his 
opuiions  are  favourable  to  the  idea  that  chlorides  become 
muriates  by  being  dissolved  in  water.  Thus  he  states  that  the 
perchloride  of  iron  "  acts  with  violence  upon  water,  arid  forms 
a  solution  of  red  muriate  of  iron;"  and  he  observes  that  the 
protomuriate  "  forms  a  ^lutiOia.oi'greeu.  muriate  of  iron  by  its 
Wtion  ugon  water.'* 
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In  Dr.  Thomson's  System  of  Chemistiy,  I  do  not  meet  witk 
«ny  detaUed  opinion  on  the  subject.   He  states,  however,  that 
chloride  of  antimony  is  decomposed  when  mixed  with  water, 

white  oxide  of  antimony^  and  muriatic  acid,  being  formed.'*— 
(Vol.  i.  p.  684.)  In  treating  of  the  mtiriates  generally,  he  refers 
them  to  the  chlorides,  and  of  muriate  of  barytes  he  says,  this 
salt  likewise  will  be  found  under  the  name  of  chloride  of 
barium ; "  and  he  states  that  the  "  crystals  of  chloride  gradually 
deposit."  From  this  it  would  appear  that  the  crystalline  salt 
usually  termed  muriate  of  barytes  is  considered  by  Dr.  Thomsou 
to  be  a  chloride  ;  and  in  the  Annals  for  November  last  he  conai- 
deis  chloride  of  barium  as  converted  into  muriate  of  barytes  by 
.solution  in  water. 

Mr.  Brande  in  his  Manual  (p.  174),  describing  the  properties 
of  metallic  chlorides,  observes,  that  some  are  soluble,  others 
insohible,  in  water.  Several  of  them  decompose  water,  giving 
rise  to  the  formation  of  muriatic  acid  and  an  oxide ;  or  in  some 
xBases  to  a  muriate."  Mr.  Brande  has  not,  I  think,  pointed  out 
instances  of  the  production  of  these  different  effects,  but  firom 
iiis  stating  that  chloride  of  potassium  dissolves  without  decom- 
position in  water,  it  would  appear  that  he  considers  it  to  remain 
a  chloride  in  solution.  Mr.  Brande^  however,  states  distinctly 
tiiat  when  chloride  of  manganese  is  dissolved  in  water,  it 
produces  muriate  of  manganese/^  The  chloride  and  perchloride 
of  iron  produce  also  he  admits  muriate  and  permuriate  of  iron 
when  acted  upon  by  water,  and  he  allows  simdar  decompositioa 
of  water^  ana  the  conse(][uent  formation  of  oxide  and  muriatic 
acid,  to  the  chlorides  of  zinc,  tin,  copper,  and  antimony. 

M.  Thenard  in  the  first  edition  of  his  Trait6  de  Chimie  (1816) 
states,  without  any  reserve,  that  "  all  chlorurets,  when  dissolv- 
ing in  water,  decompose  it,  and  become  hydrochlorates :  they 
thus  effect  the  decomposition  of  water  in  the  same  way  as  the 
iodurets,  and  the  two  principles  of  the  water^  the  oxygen  and  the 
hydrogen,  unite  ;  the  first  with  the  metal,  and  the  second  with, 
the  chlorine."  In  the  second  edition  of  this  work  (1817), 
M.  Thenard  maintains  the  same  opinion  :  he  states,  however, 
several  of  the  difficulties  which  attend  both  opinions. 

M.  Gay-Lussac,  on  the  other  hand,  in  his  nu  luair  on  iodine 
{Annahy  vol.  v.  p.  125),  observes,  "We  ought  then  to  admit  it 
as  a  certain  fact,  that  the  muriates  are  all  changed  into  chloru- 
rets,  when  melted,  or  even  when  dried,  and  some  of  them  even 
by  beini^  crystallized.  We  may  suppose,  as  we  have  done  for 
the  iodurets,  that  the  chlorurets  dissolve  in  water  without 
xmdergoing  decomposition,  and  that  when  we  unite  hydrochloric 
acid  with  an  oxide,  the  hydrogen  of  the  acid,  and  the  oxygen  of 
the  oxide  form  water.  Whether  this  be  the  case  or  not,  nothingp 
but  chlorurets  exist  at  a  red  heat.^'  In  subsequent  parts  of  the 
same  memoir,  M.  Gay-Lussac  says,  I  believe  that  according^ 
to  the  nature  of  the  substance  with  which  the  chlorine  is  com- 
bined, the  chlorurets  may  dissdve  in  water  without  undergoing 
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decompositioDy  or  being  changed  into  hydrochlo rates  during 
that  solution."    He  further  states,     I  admit  as  a  principle  that 
we  ought  to  have  a  chloruret  or  a  hydrochlorate  in  solution,, 
according'  to  the  forces  which  act  in  order  to  decompose  water 
are  greater  or  less  than  those  which  keep  its  elements  united."  . 

In  attempting  to  ehioidatc  this  as  well  as  every  other  subject^, 
it  will  be  better  to  begin  with  those  cases  which  are  too  obvioiUib 
ta  admit  of  question,  and  proceed  to  those  which  are  moie. 
obscure*  There  are  some  cases  of  the  action  of  water  upon:, 
chlorides  which  prove,  I  think,  incontestably  the  decompositioa 
of  the  water,  and  the  union  of  its  oxygen  with  the  metal,  and 
its  hydrogen  with  the  chlorine — I  mean  the  effects  obsenredr 
when  the  chloride  of  bismuth  and  of  antimony  are  acted  upon» 
It  is  quite  evident  that  oxides  of  these  metals  are  precipitated^ 
and  that  muriatic  acid  remains  in  solution.  It  will  be  unquea-; 
tionabl^  admitted^  whether  we  dissolve  a  metallic  oxide  in, 
muriatic  acid,  or  take  the  dry  compounid  which  remains  after 
evaporating  such  solution,  and  exposing  it  to  a  red  heat,  and 
dissolve  it  m  water,  that  the  solutions  obtained  are  in  all  respects, 
similar.  Thus  when  we  dissolve  peroxide  of  iron  in  muriattC; 
acid,  we  obtain  a  red  coloured  solution  ;  and  a  similar  eiect  is 

froduced,  if  we  dissolve  the  perchloride  of  iron  in  waters 
(oth  solutions  it  will  be  admitted  contain  either  chlorides  or 
muriates. 

When  iron  is  put  into  dilute  muriatic  acid,  it  is  well  known 
that  hydrogen  gas  is  evolved,  and  the  u'ou  dissolved.    Now  if  we 
conceive  this  solution  to  contain  chloride  of  iron,  we  must  sup- 
pose that  the  hydrogen  evolved  is  derived  from  the  decomposi-- 
tion  of  the  muriatic  acid,  and  not  of  the  water ;  and  as  we  obtain 
a  similar  solution  by  dissolving  protoxide  of  iron  in  muriatic 
acid,  we  must  suppose  that  the  ox:)rgen  of  the  oxide  unites  witl^. 
the  hydrogen  of  tne  muriate  acid/  that  water  is  formed,  and 
chloride  of  iron  remains  in  solution.    I  say  we  must  admit  the 
evolution  of  hydrogen  from  the  decomposition  of  the  muriatic 
acid  in  the  first  case,  or  we  must  make  the  improbable  suppo- 
sition that  iron,  while  dissolvia[]^,  decomposes  water  to  receive 
oxygen  from  hydrogen,  and  that  immediately  afterwards  it 
yields  the  oxygen  to  the  hydrogen  of  the  muriatic  acid^  and  thus 
produces  chloride  of  iron. 

From  these  considerations,  I  think  it  will  involve  fewer  diffi-^ 
culties  to  consider  this  solution  as  containing  a  muriate, rath^ 
than  a  chloride.  We  have  in  this  case  only  to  admi^  as  is, 
indeed  generally  allowed,  that  the  hydrogen  is  evolved  from  the 
decoiouposition  of  the  water,  and  not  of  tne  acid ;  and.when  the. 
oxide  of  iron  is  dissolved  in  liquid  muriatic  acid,  we  must  con-^ 
aider  that  the  oxygen  of  the  oxide  and  the  hydrogen  of  the  acijd 
do  not  fibrin  water^  but  remain  combineidy  the  first  with  the  irouj, 
Mdtl^iiydrogfin, with  the  chlorine. 
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There  are  other  considerations  which  tend  to  strengdien  thii ' 
opinion  that  the  chlorides  of  iron  become  mciriates  by  decompos- 
hag  and  dissolving  in  water.   If  to  these  solutions  we  add  an 
wali  as  potash  or  soda,  oxide  of  iron  is  precipitated.   Now  we 
must  either  admit  that  oxygen  is  transferred  from  the  alkaiioe' 
<Ktide  to  the  iron,  which  is  a  possible  case,  that  the  iron  pre-. 
Vibusly  existed  in  the  state  of  oxide,  or  that  by  some  operation 
rts^r  to  that  which  has  been  called  predisposing  affinity,  the 
dhBComposition  of  water  is  effected  at  the  momeat  of  the  'preseiw 
tiitton  of  potash  to  chloride  of  iron. 

As  ammems  contains  no  oxygen,  and  as  it  decomposes  soltf^ 
tions  of  iron  as  readily  as  potash,  the  cases  are  reduced  to  two, 
viz.  either  that  the  iron  exists  in  the  state  of  oxide,  or  that  it 
becomes  so  by  the  intermediate  action  of  the  ammonia.  It 
appears  to  me  that  the  first  is  tlie  most  probable  case,  although, 
as  I  shall  presently  notice,  the  latter  is  a  possible  one.  Among 
the  reasons  which  may  be  advanced  tor  supposing  the  solution 
to  contain  a  muriate  are  the  facts  already  adverted  to  of  the 
decomposition  of  chloride  of  antimony  by  water  ;  another  reason 
is  that  that  there  are  some  acids  which  form  insoluble  compounds 
with  the  oxide  of  iron,  such  as  the  phosphoric,  for  example.  If 
then  we  add  a  solution  of  phosphate  of  soda  to  a  solution  of 
muriate  or  chloride  of  iron,  phosphate  of  iron  is  precipitated, 
which  consists  of  the  acid  united  to  oxide  of  iron,  and  we  are, 
therefore,  reduced  either  to  admit  that  the  iron  exists  in  th« 
^tate  of  oxide,  or  that  chloride  of  iron  decomposes  water  by  the 
addition  of  a  solution  of  phosphate  of  soda,  for  which  there 
i^ypears  to  be  no  sufficient  cause,  nor  do  1  recollect  the  occur* 
lisnce'  of  any  such  case*  ' 
'  The  action  of  water  upon  the  chlorides  of  potassium,  sodium, 
hlttium,  8cc.  does  not  appear  to  have  been  more  decided  upon  by 
ohemists  than  other  chlorides.  Dr.  Thomson,  as  I  have  already 
lioticed,  considers  that  chloride  of  barium  by  solution  in  water 
becomes  a  muriate;  whereas  M.  Gay-Lussac,  in  a  note  to  a 
memoir  I  haye  already  alluded  to,  says, "  On  mixing  solutions  of 
tfUomret  of  calcium  and  sulphate  of  ammonia  neariy  in  equal ' 
flumes,  the  temperature  scarcely  rose  one  degree  of  Fahrenheit, 
Aough  such  a  quantity  of  sulphate  of  lime  was  formed  that  the 
whole  mixture  became  solid*  The  solution  of  chloruret  of  barium 
treated  in  the  same  way  produced  an  elevation  of  about  6*3^* 
Vittm  these  it  would  seem  that  in  the  solution  of  chloruret  of 
^cium,  the  metal  is  in  the  state  of  an  oxide,  while  in  that  of 
fMomret  of  barium  the  metal  is  still  in  the  metallic  state.'*  With 
l^pect  to  the  chloride  of  barium,  I  am  certainly  much  more 
inclined  to  adopt  the  opinion  of  Dr.  Thomson  than  uf  M.  Gay- 
Lussac  ;  for  it  appears  to  me  extremely  difficult  to  discover  by 
what  kind  of  action  water  is  decomposed  when  sulphate  of  soda, 
for  example,  is  added  m  solution  of  chloride  of  baiium,  and 
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ihd«ed  tliis  very  decomposition  on  this  principle  musty.  I  think^ 
pt^ve  fatal  to  what  seems  to  be  M*  Gay-Lussac's  opinioa  that^- 
dUoride  of  sodium  is  not  decomf^osed  by  water.  It  this  latter, 
supposition  be  true,  then,  when  sulphate  of  soda  and  muriate  of 
baiytes  suffer  mutiral  decomposition^  the  muriate  of  soda  which 
is  formed  must  exist  as  such  only  for  a  moment,  and  water  must 
be  recoraposed  to  form  the  chloride  he  supposes  to  exist. 

That  the  different  temperatures  which  are  occasioned  by  dis- 
solving Certain  chlorides  in  water  cannot,  1  think,  be  deemed  a 
criterion  for  determining  the  question  may  be  inferred  ti  om  a 
yery  ingenious  paper,  contained  in  vol.  xii.  p.  42,  of  the  Amndes 
de  Chimie.  In  this  memoir,  upon  the  analysis  of  mixtures  of 
the  chlorides  of  potassium  and  sodium,  it  is  stated  that  under 
similar  circumstances  a  given  weight  of  chluiide  of  potassium 
sinks  Fahrenheit's  theniMjmeter  20*52**,  and  the  same  quantity 
of  chloride  of  sodium  depresses  it  under  the  same  cu'cumstances 
only  3*42°.  Now  it  can,  I  think,  hardly  be  supposed  that  bodies. 
so  similar  in  their  affinity  for  oxygen,  as  potassium  and  sodium^ 
should  differ  in  their  action  on  water  when  combined  with  chlo-' 
line.  We  may  consider  these  chlorides  and  that  of  barium  aa 
donverted  into  muriates  by  solution. 

»  With  respect  to  the  chloride  of  potassium  and  sodium,  theve. 
aie  other  reasons  for  beUeving  them  to  be  converted  into  mur* 
liates  by  solution  in  water*  In  the  first  place,  these  metals  bwir%- 
strong  affinity  for  the  oxygen  of  water,  and  so  also  has  the 
chlorine  for  its  hydrogen,  becoming  muriatic  acid  when  its- 
aqueous  solution  IS  exposed  to  the  solar  light.  As,  howerei^ 
chlorine  and  these  metals  have  also  great  afiuuty  for  each  other, 
it  is  certainly  possible  that  this  mutual  affinity  may  diminish  or* 
destroy  theur  separate  attraction  for  hydrogen  and  oxygen.  It 
must  be  granted,  as  before  noticed,  that  whether  we  dissolve 
dry  chlonues  in  water,  or  saturate  liquid  muriatic  acid  with* 
metalHc  oxides,  that  similar  solutions  are  produced. 

If  to  the  solutions  of  chloride  of  sodium  or  potassium  we  add 
sulphuric  acid,  their  respective  sulphates  are  formed,  and  a 
similar  effect,  mutatis  mutandis^  is  produced  when  tartaiic  acid 
is  used  with  the  solutiuii  ot  potabli. 

Now  in  these  operations,  one  of  two  cases  must  occur. 
Supposing  we  have  dissolved  potash  in  muriatic  acid,  and  the 
result  to  be  solution  of  chloride  of  potassium,  water  must  have 
been  formed,  we  then  add  tartaric  acid,  and  this  possesses  the 
power  of  so  acting  upon  the  elements  of  the  solution  that  water 
js  again  decomposed,  and  muriatic  acid  and  potash  again  result, 
as  is  evident  oy  examining;  the  solution  and  the  crystaliiaa 
deposit  of  the  bitartrate  of  potash. 

The  other  case  is  simply  this ;  viz.  that  the  chloride  of  potas* 
Slum  immediately  decomposes  water,  and  then  there  is  no  ne* 
eessit^  for  attributing  Uus  power  to  the  iatenrentioA  43i  the  auW 
{Iittric  or  tartaric  acid« 
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There  is  one  case  which  I  have  already  hinted  at  which, 
fppears  to  me  difficult  of  explanation  upon  any  supposition. 
Wnen  chloride  of  mercury  is  put  into  water,  as  aheady  noticed, 
jfieither  solution  nor  action  takes  place  :  if  we  add  potash  to  the 
liiixture,  protoxide  of  mercury  is  immediately  precipitated.  Now* 
Ih'this  case  it  v  ould  certainly  appear  to  be  most  probable  that 
the  oxygen  is  supplied  by  the  potash,  the  chloride  of  potassium 
fbrmed  remaining  as  such  in  solution.    If,  however,  we  substi- 
tute ammonia  for  potash,  still  the  decomposition  is  effected, 
muriate  of  ammonia  is  formed,  and  protoxide  of  mercury  pre- 
cipitated.    In  this  case  it  would  seem  that  water  is  decom- 
posed by  the  intervention  of  ammonia  ;  for  not  contain  inn-  any 
oxygen,  it  cannot  yield  it,  as  the  potash  may  be  supposed  to  do. 
It  is  difficult,  I  think,  to  explain  this  action,  and  on  this  account 
I  am  far  firom  denyisg  the  possibility  of  tartaric  acid  to  efiect 
that  decomposition  of  water  which  may  be  supposed  to  occur 
when  it  acts  upon  chlorine,  potassiam,  and  water.  Certainly 
^jfhat  ammonia  appears  to  do  m  the  case  of  chloride  of  mercuiyj 
tajrtaric  acid  may  effect  in  that  of  chloride  of  potassimn. 

In  vol.  vi.  p.  185^  of  the  Annais,M.  Gay-Lussac  says,  ''When 
a  aplation  of  chloruret  of  calcium  (which  he  supposes  to  existin 
Ablution  as  such)  is  mixed  with  subcarboiiate  of  ammonia,  die 
chiorine  must  pass  to  the  state  of  hydrochloric  acid,  in  order  to 
)Koitobinc  widi  the  ammonia ;  and  further  on;  he  observes,  ''  It 
Ik  file  diiSerence  of  solubility  of  subcarbonate.of  lime  and  hydro- 
^Ibrate  of  ammonia^  which  occasions  the  double  exchange  of 
fte  bases  and  acids ;  and  conse«|aentIy  it  is  on  account  of  diat 
dSKrence  of  solubili^  that  water  is  decomposed." 

Now  with  much  deference  I  think  this  reasoning  can  scarcely 
be  admitted.    Surely  the  insolubility  ofcarbonLite  oflmie  cannot 
ict  until  the  carbonate  exists,  and  the  decoinp06ilioii,  lor  which 
Ais  insolubility  is  adduced  to  account,  must  occur  before  it.  If, 
however,  the  Kind  of  reasoning  employed  by  M.  Gay-Lussac  is 
admitted,  then  we  may  certainly  account  for  the  decomposition 
of  chloride  of  mercury,  by  supposing  that  it  results  from  the 
iffinity  of  uncreated  muriatic  acid  for  ammonia. 
'  After  having  considered  the  subject  (I  confess  with  much 
less  attention  than  the  intricacy  of  it  requires),  I  uicline  to 
the  opinion  that  all  soluble  chlorides  are  converted  into  muriates 
by  solution  in  water.    I  think  it  will  appear,  from  what  I  have 
^ated,  that  fewer  decompositions  must  be  supposed  to  occur  on 
this  supposition  than  the  other;  and  it  is  to  oe  recollected,  in 
support  of  this  opinion,  that  no  objection,  as  far  as  I  know,  has 
been  made  against  the  idea  of  the  decomposition  of  water  ss  it 
respects  sulpnuret  of  potash,  or  rather  potassium. 

Admitting  (what,  however,  I  am  by  no  means  disposed  to 
assert)  that  the  opinion  which  I  have  adopted  to  is  most  proba- 
ble, the  question  still  remains  to  be  decided,  under  what  point 
of'riew  shall  we  regard  those  chlorides,  or  muriates,  wUdi 
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^  contain  water  of  ciyirtaliization.  Are  they  in  their  CffstalUae 
^'^^  state  chlorides  or  moriatea  ?  I  certainly  in  this  case  tibo  incluMr 
^^'^  to  the  opinion  that  they  are  to  be  regarded  as  moria^.  TUtt 
idea  is  much  strengthened  by  the  following  passage  iBMp 
7  Dr.  Thomson's  paper,  on  the  "  True  Weights  of  the  Atonw  4f 
Barytes,  Potash,  &c."  (AMmah,  vol.  xvi.  p.  331),  "  When  < 


—  '  r  f   w   ^  rw  -    -   ^  ^ — 

•tewed  muriate  of  barytes  is  exposed  to  a  red  heat  in  a  platinui 

•is  ^  A     \  W    *  A  .  M  *1S*  1I*S 


crucible,  it  loses  all  its  water  of  crystallization ;  while  at  the  

time  the  hydrogen  of  the  mmiatic  acid  unites  wkh  the  oxygear«f 
P  the  barytes.  and  flies  off  in  the  state  of  watir/* 


om* 


Article  V. 


Extract  from  **  An  Account  of  Tim  late  Attempts  to  asceni 
Mont- Blanc,  hy  Dr.  Hamely    Counsellor  of  State  to  Ai$ 
^     Majesty  the  J^iperor  of  all  the  Kussias^"  , 

^  Most  of  our  leaders  are  probably  aware  that  during  the  last 
tSf  summer  an  attempt  was  made  by  Dr.  Hamel,  in  company  witfc 
Tt  fievei-al  other  persOns,  to  reach  the  summit  of  Mont  Blanc  :  it  iw 

equally  well  known  that  during  the  journey,  the  whole  party 
:  was  in  the  most  imminent  danger,  and  that  some  of  the  guides 
■  actually  lost  their  lives.  It  is  presumed  that  the  particulars  of" 
i£   this  fatal  expedition,  taken  from  the  Bibhotheque^niverselfe 

published  m  Aug^i|t  last,  wiU  be  acceptable  to  the  readers  o^  1^ 

Annals. 

J*       The  first  of  the  two  attempts  of  which  an  account  is  givew 
i    was  undertaken  on  August  3,  the  anniversary  of  the  ascent 
I    M.  de  Saussure.  Dr.  Hamel,  in  passing  by  the  baths  of  St.  Gef^  - 

vais,  heard  that  two  persons  of  the  country  had  reached  the 
i  summit  of  Mont  Blanc,  and  descended  the  same  day  at  Prarion, 
i  whence  they  had  set  out.  This  report  made  Dr.  Hamel 
desirous  of  attempting  this  new  route,  which,  according  to 
t  the  account  given  of  it,  was  less  difficult,  and  dangerojos^  antf 
much  shorter^  than  that  by  Chamouny,  which,  since  SausauieV 
i    time,  had  always  been  followed. 

It  appears  (nat  the  same  persons  who  had  already  adcemM 
by  this  route  proposed  again  to  undertake  it,  in  order  to  remove 
some  doubts  which  had  been  entertained  at  Chamouny  wiljb 
respect  to  the  practicability  of  the  journey.  With  these  pers0i|r 
ana  the  Curates  of  St.  Gervais,  and  St.  $icolas  de  Verosse,  th^ 
attempt  was  made  by  Dr.  Hamel. 
In  order  to  insure  success,  it  was  proposed  to  efifect  the  aaceaii 
I  in  two  days,  passing  the  hisht  near  la  Pierre  Ronde,  the  naoi^' 
given  to  some  rocks  situated  beneath  L' Aiguille  du  Gout6,  fnd 
at  hair-past  seven,  the  travellers  halted  to  pass  the^ight,  sihck 
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t'  Tlie night  waa  b^tiitifiii,  «ad  «l  Mf  pi^liifo  in  die  momiagy 
•  "  4be  jbttrney  was  rMitmad  by  moonlight,  aiMi^it  32  miiiutea  4ilkir 
1§pm  cPtiock,  tbe  travtlleni  reached  the  base  of  ihe  Aiguttl^  da 
4|pat£;  and'  after  alH>at  three  houia  of  fera  difieote  asecd^ 
'  Mnn^  looee  etoaee,  iJie  aannait  of  the  AigaiUe  mn-  Maiiied  at 
^  minutes  after  eight;  tlie  height  of  whieh  m  apwards  of 
»I2,000  feet.  After  taking  rest,  and  adopting  precautions  against 
the  cold,  and  the  rays  of  the  sun  rtilected  by  the  snow,  they  set 
ofi'at  a  t|uarter  past  nine  towards  the  Dome  du  GouLe,aad  arrived 
at  the  suQiinit  at  half  past  11.  , 

The  height  of  this  is  1330  [13,300]  feet,  and  Dr.  Hamel  could 
advance  but  few  steps  w  ithout  waiting  to  take  breath,  on  account 
of  the  rarity  ot  tlie  air;  and  finding,  from  the  state  of  exhaustion  he 
was  in,  that  he  must  have  staid  at  least  half  an  hour  before  he 
.   ifpuld  resume  his  journey  towards  the  summit  of  i\iont  Blanc, 
.  J  and  calculating  that  it  w  ould  be  impossible  to  come  back  to  the 
Aiguille  du  Goutc  before  night,  he  resolved  to  return  by  the  route 
by  whicli  iie  had  ascended,  without  attaiiiiiio  his  o1))t'cr.  The 
."^descent  is  represented  as  more  difficult  and  dangerous  even  than 
ikhe  ascent,  but  it  was  safely  performed,  and  the  party  arrived  at 
^mhout  nine  at  night  at  an  inn  called  Pavilion  de  Bellevue,  si- 
.  ^ate  on  the  Montagne  de  la  Chaietta  between  Mont  Laeba  and 
<Mont  Prarion. 

i  Having  given  a  sketch  of  Dr.  Hamel*s  account  of  his  Ikit 
NlMemptto  asoend  Mont  Blanc,  I  shaU  continue  nearly  in  his'own 
^afords  the  account  of  his  second  joarney,  and  whkh  was  attendcii 
with  great  danger  to  the  whole  party,  and  proved  fatal  Co  aooM 
«e^he  guides; 

y  In  looking  over  M.de  SauaBore'a  work,  I  found  that  he  had 
'Hied  this  same  route ;  but  the  dangers  which  he  encountered  m 
iliietidges  of  TAiguille  du  Goutft  prevented  him  from  proceeding 

/  *  'Aither :  he  did  not  even  arrive  at  its  summit* 

'  I V  This  induced  me  to  believe  that  the  route  by  Cfaameanyy  Jatf 
%hioh  be  afterwards  ascended,  must  be  at  least  as  convenient ; 
Imd  I  wished  to  meet  with  an  opportunity  of  trying  it,  so  that  I 
*tnight  decide  which  of  the  two  routes  was  preferable. 

*'  Soon  at'tciwardb,  1  k^amed  that  some  persons  at  Geneva 
%vere  also  desirous  of  ascending  Mont  }>lanc  :  one  of  them  was 
*M.  Selhgue,  a  mineralogist  and  mechanical  artist.  He  infomied 
4»e  that  he  had  invented  a  barometer  upon  an  entirely  new  prin- 
ciple, which  he  wished  to  try  on  these  luonntains. 

As  ttie  cla  m  of  Mont  Blanc  to  be  considered  the  hiohest 
mountain  o(  Europe  has  been  lately  disputed,  and  as  no  travel- 
lers who  liave  ascended  it  since  M.  de  Saussure  have  taken  the 
trouble  to  measure  it  again,  \  wished  to  determme  its  height, 
with  the  assistance  of  several  barometers.    Prof,  de  Saussure 

'         the  goodness  to  lend  me  an  eaxellent  walking-atiek  baio^ 
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m^r;  nuiAf^  ftlTwa.  The  ^^servoir  for  4jie  niefcmy  »  a  glasf 
Mliiider»  and  the  tevel  regulated  hy  a  screw  and  piston,, 
li,IS6lligue  conHnieled  a  «yphon,  barometer ;  and  in  case  thes^ 
tiro  4>aromeleri  should  be  deraoged  in  ascending,  I  filled  with, 
mercury,  two  glass  tubes  18  or  20  inches  in  length,  and  bent  at 
one  end  like  a  syphon.  The  mercury  having  been  boiled,  I 
closed  \hc  openinLC,  yo  that  no  vaiiaLion  in  the  volume  ot  ih^ 
mei  cai  )'  unghi  caas>e  aa  to  enter  the  longer  leg  of  the  syphon. 
On  arriving  at  any  height,  1  had  only  to  remove  the  cork,  an4 
allow  part  of  the  mercury  to  come  out,  and  then  to  measure  the 
hejo:ht  of  the  coluirn  standing  in  the  tube.  I  had  thus  f  m|; 
barometrical  instruments  to  measure  the  height  of  the  summit. 

In  my  first  ascent  I  was  surprised  at  the  action  which  the 
Sttn's  rays  had  upon  the  bkm;  and  1  intended  to  make  some 
expeiimeutci  on  tlie  power  of  these  rays  concentrated  by  lenses. 
Col.  Beaufoy  had  previously  paid  some  attention  to  this  -ubject, 
and  i  think,  as  he  does^  that  tiiese  experim£Ats  iQay  becowi^ 
ioteres^tm^  in  the  theory  ol  light  and  heat. 

ti  I  pmposed  also  to  make  observations  upon  myself  and  my 
companions  as  to  the  effects  of  rarefied  air  upon  animal  orgam- 
setio<« ;  and  after  what  I  had  already  observed  4unng  my  first 
ieeent,  I  flattered  myself  that  1  should  obt^  rejiMlta  whio%^ 
irould  be  eseful  in  phyfiiolo^.. 

•  I  pmiired  a  bottle  of  lime-water  jto  determine  |Jie  presence^ 
IMd  by  approjumatioiiy  the  quantity  of  eai:bonic  acid  in  theat 
elevated  w^^potik,  and  to  diaeover  whether  air  which  had  beei^ 
■ieptved  coiitaiaed  the  same  ^u^tity  of  carbowc^id  as  it  decf' 
im^  those  regions  in  which  lat  eaeh  inapiiation  one-third  mora 
eiygen  enters  in  tlieeame  volume  gf  atmoaoheric  air.  I  inteade4 
lriftQi»  when  high  e(^»  to  bleed  aome  animal,  in  order  to  observe 
by  the  colour  of  die  blood  whether  it  waa  or  M^as  not  aufficientl^* 
^earbonised: 

.  "  i  filled  four  bottlea  wkh  spirit  of  winei  which,  ^rhen  poured 
m^n  e  ap  nge,  was  intended  .to  be  naed  for  eombustion ;  ani 
I  proposed  to  bring  back  some  of  tbe  air  of  the  ainnout  in  theae 
wfctiea  for  analysis. 

A  Papin'a  digester,  of  very  simple  construction^  waf 
intended  to  prove  the  possibility  of  cooking  meat  at  great  heigh  ta. 
The  monks  of  the  Grand  St.  Bernard  complain  that  they  are 
unable  Lo  dress  iheir  tood  suflSciently.  The  reason  of  it  is,  that 
wiUer  in  large  open  vessels,  being  less  corhpressed  by  the  atmo- 
sphere at  great  heights  than  in  plains,  boils  at  a  lower  tempera- 
ture. A  separate  apparatus  was  prepared  to  measure  the  e^ac^ 
temperature  at  which  water  boils  at  different  heights. 

**  A  small  table,  with  a  camera  Incida,  was  furnished  by 
IL  Seihgue,  to  sketch  apanoramafrom  the  sunnnit  of  Mont  Blanc. 

Prof,  Pictet  supplied  me  with  the  instruments  requisite  to 
observe  and  measure  the  temperature  the  eled^icity^  axtfl  thp 

aooisture  ofc  t^e  alwpapherei  &c.  Slc. 
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lir  '  ^    Dr.  Hamif9  AtamU  of  ISaw, 

'^  ^^  Mr.  Joseph  Dornford,  and  Mr.  Gilbert  Hendergon,  two 
English  gentlemen,  and  both  of  the  University  of  Oxford,  were 
anxious  to  join  ns  ;  the  former  of  them  had,  when  in  England, 
formed  the  project  of  ascending;  Mont  Blanc.  We  set  out  on 
Aug.  16,  at  three  o'clock  in  the  afternoon  from  Geneva  for  Cha- 
iftoiiny.  We  arrived  the  next  day  at  ie  Prieure,  reachmg  the 
excellent  hotel  de  1' Union,  kept  by  M.  Charlet,  at  two  o'clock. 

"We  applied  to  Joseph-Mane  Coutet  et  Mathieu,  son  of 
Pierre  Balmat,  whom  M.  Pictct  had  recommended  to  us  as 
guides  who  were  equally  robust  and  trusty.  They  advised  us  to 
ttike  12  guides,  or  three  for  each  traveller.  We  rel'erred  the 
choice  to  them ;  and  our  obliging  hostess  undertook  to  jpriejpase> 
til  that  was  necessary  for  the  journey.  The  next  monung  at  a 
quarter  past  five  o'clock,  we  set  out  in  the  finest  possible  weatheTr 
We  went  at  first  in  the  directtcm  of  the  Glacier  des  Bosaopiy 
bnt  before  we  reached  it»  we  tamed  to  the  lefl,  and  began 
ascent 4n  a  forest.  At  seven  o'clock,  we  had  ^ot  above  tlie 
forest,  and  reached  Uie  chalet,  inhabited  by  Pierre  Francdw 
Aivret,  formeify  one  of  Saussnre's  guides,  who  hkd  ascenaei^ 
ind  his  son  was  with  us. 

Here  one  of  our  guides,  JuKen  Devouassou,  son-in-law  of 
B.  Paccard^  was  neany  poisoned.-  He  supposed  that  he  htd 
'  bought  some  syrup  of  vinegar  at  dhaaaouny ;  and  arfiving  at  a 
stream,. he  tried  me  s^rup  before  he  mixed  it  with  water:  lie 
awallowed  a  little  of  it.  It  was  concentrated  sulpfiuric  acid^ 
which  burned  his'  stomach  and  mouth  in  a  terrible  manner.  H» 
aufierings  were  great,  and  he  Tomited  much.  F<HrtnBately  tins 
accident  happened  near  a  chalet,' where  I  found  some  wood 
ashes,  and  these  I  made  htm  swallow  mixed  with  water ;  the 
alkali  neutralized  the  acid  instantaneously,  and  the  guide  havii^ 
recovered,  continued  the  journey  with  us. 

"  From  the  chalet,  the  ascent  is  continiu^d  ziir-zas;  in  the 
direction  of  the  Aiguille  du  Midi;  at  half-past  (iy:ht,  we  rested 
at  la  Pierre-pointue,  where  the  mountain  projects  between  the 
<5lacier  des  Bossons  and  the  Glacier  des  Pelerins,  but  nearest 
the  former.  From  hence  the  summit  of  Mont  Blanc  is  for 
the  first  time  visible,  and  le  Prieure  is  still  in  sight.  From 
thence  we  turned  a  little  to  the  riirht,  and  at  nine  o'clock  we 
crossed  the  torrent  called  I'eau  noir,  but  which,  instead  of  water, 
"was  filled  with  enormous  blocks  of  granite,  rolled  down  from 
,  above  :  the  Aiguille  de  la  Tour  is  on  the  left.  A  quarter  of  an 
lioiir  nfterwards,  we  passed  to  Nant  Blanc  ;  and  at  a  »|uarter 
iDefore  10  o'clock  we  halted  to  breakfast  round  a  great  stone 
between  the  Glacier  des  Bossons  and  Mount  Basselache.  The 
gtiides  call  it  "  la  pierre  de  I'echelle,''  because  they  usually 
leave  the  ladder  there  which  is  used  to  cross  the  Glacier.  At 
|10  'uiinutes  past  11  o'clock  we  recommenced  our  journey,  and  in 
five  minutes  we  reached  the  Glacier  des  Bossons,  which  must 
be  crossed  obhquely  in  the  dircction'of  the  Grand  Mulct.  Atm 
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bondred  paces  from  the  edge  of  the  Glacier  wonders  begin  which 
no  pen  can  describe.    At  every  moment  we  stopped  to  make^ 
eacn  other  observe  some  strikinj^  co;:figuration  of  the  ice  ;  we 
heard  nothing  but  *  Look  to  the  right !  Look  to  the  left !  * 
Sometimes  it  was  a  bottomless  precipice ;  at  others  a  tower  of  ice 
more  than  100  feet  in  height.    The  ladder  was  soon  required. 
-How  were  we  to  cross  a  crevice  of  20  feet  wide,  apparently  bot- 
tomless, longitudinally  divided  into  two  by  a  thia  wall  of  ice, 
4Bcarceiy  a  foot  thick,  and  10  feet  lower  than  the  sides  of  tlie 
crevice  which  it  divides?   Arrived  at  the  brink. the  ladder  ip 
lowered  and  supported  upon  the  thin  wall  of  ice  in  the  middlp 
of  the  crevice.   One  of  the  guides  descends  ;  the  first  traveller 
follows,  and  keeps  himself  upright  near  the  ladder  on  the  wsdl  of 
ice,  one  foot  broad^  or  sup^^orted  by  his  stick,  he  stands  immov- 
able* and  endeavours  to  shun  the  sight  of  the  two  blue  gulj^s 
ireacly  to  swallow  him  on  the  least  loss  of  equilibrium,  t^t 
guide  then  rests  the  top  of  the  ladder  against  the  opposite  edf^e 
jof  the  crevice,  and  the  traveller  having  mounted,  ity  it  is  again 
'returned  to  the  first  brink  in  order  to  let  the  second  traveller 
jdsscend,  and  so  on  with  the  remainder.   When  the  ladder  is 
.some  inches  longer  than  the  crevice  is  wide,  it  is  placed  acrbiw 
it  like  a  bridge;  and  every  one  goes  over  on  his  hands  and 
Jkneesl  Sometimes  there  are  .crevices  which  are  covered  by 
^bridges  df  snow  which  are  often  narrow.   Sometimes  those  vi;ho 
jWalk  last  find  these  bridges  penetrated  by  a  foot  which  has  pre* 
^ceded  them,  and  it  is  wen  necessary  to  turn  the  foot  a  litils 


f    *^  In  spite  of  all  the  difficulties  and  dangers,  we  crossed 
Crlacier  without  the  least  accident.   At  a  quarter  past  one  we 
were  above  the  junction  of  the  Glacier  des  Bossons  with  the 

Glacier  de  Tacconay,  and  between  these  two  occurs  the  Mon- 
^tagne  de  la  Cote  ;  and  ai'icr  having  ascended  a  ridg;e  of  snow, 
.inclined  at  an  ano;le  of  6(i at  precisely  three  o'clock,  we  set 
foot  ou  the  base  ol  the  (h  and  Mulct  on  the  western  side.  These 
.rocks,  which  project  from  the  middle  of  the  ice,  are  not  more 
firm  than  those  of  the  Aiguille  da  Goute ;  and  We  ascended 
them  so  slowly  that  it  was  half-past  four  when  we  arrived  at  the 
highest  part  of  the  Grand  Mulct.    A  black  cloud  which  formed 
in  the  west  decided  us  to  stay  here  foi  the  night.    The  summit 
of  this  rock  having  the  form  of  the  letter  L  ;  that  is  to  say,  of  a 
right  angle,  our  ladder  and  some  sticks  covered  with  cloth  were 
80  arranged  as  to  forin  the  hypothenuse.  A  little  straw  scattered 
upon  the  horizontal  part  of  the  rock  was  the  mat  trass  upon 
which  we  lay  down  side  by  side.    We  were  hardly  covered 
when  it  began  to  rain  ;  and  soon  after  the  thunder  was  heard 
majestically  around  us.    I  had  scarcely  attempted  to  put  the 
pomt  of  the  electrometer  out  of  our  tent,  when  its  two  balls 
began  to  move  with  so  much  violence  that  I  was  alarmed.  The 
.whole  of  the  n%ht  was^  stormy.  The  next  morning  the  raia 
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^ased,  and  the  air  was  so  pure  that  we  saw  the  lake  of  Genem^ 
imd  some  more  distant  objects,  very  distinctly. 

**  We  hoped  that  towards  nonn  the  wenther  would  clear  up^ 
%tit  it  remained  nricertain,  and  we  resolved  then  to  bivouAC 
i^ain  the  foUowmg  night  in  our  tent  a  la  Cossaque.  Coutetsent 
two  of  our  men  to  Le  Prieur^  to  procure  a  supply  of  jprovistofii 
Jbr  the  gutdeB*  At  intervals,  I  occupied  myself  with  reboilin^ 
metxjury^  of  one  of  my  barometer  tabes,  which  had  be^ 
fbjured  on  the  journey.  We  tried  the  temperature  of.boili^ 
^ater,  and  found  it  to  be  162^  of  Fahrenheit.  1  made  arrange 
Ihentg  to  iiet  o^T  ftome  fire- works  on  retartitng  fhom  the  fttimmt^ 
for  I  was  curious  to  try  whether  the  fire-Works  would  rise  Well  ill 
Vtkh  Yarie  air.  I  had  balls  and  shining  stara  )»repared  widk 
lil-senic.  1  had  abo  Bengal  fire  prepared  with  antimony;  aiid^ 
tmsides,  a  mixttare  of  nitre^  sulphur,  and  orpiment,  in  otdet  tH 
try^  to  iltuminiftt^  the  sommit  of  Mont  Blanc,  and  the  apit«a 
Ih^  surrbondinff  mountains. 

"  **  'Avflve'o*c£>ck  some  hait  fe)l,  and  until  midnight tfa«  weatfaMr 
VtiB  dbudy ;  but  on  the  20th,  at  one  in  the  moimtng,  the  heavetth 
%p^e;ired  istudded  with*stars,  although  the  valley  was  stiH  hiddeti 
%  fog.  Coatfet'weht  out  td  observe  the  weather,  and  infottoeA 
^  tbntit  ipit>miBed  well,  but  IhlU  it  would  be  prudent  still  to  waft 
little  bdfove'  We  decided  upon  ascending.   At  about  Hv^ 
Vdock,  the  summit  was  lighted  by  the  sun ;  the  Itir  perfeetijr 
li^iiene  Und  calm.   Our  guides  informed  ub  that*:ve  mignt  be^n 
Hi^ur  jofUfney.    M.  Selligue,  who  had  been  for  Borne  time  unwell, 
and  who  feared  the  return  of  the  rain  before  the  close  of  d^y, 
preferred  staying  at  the  Grand  IVIulet.    Two  of  our  guides  who 
iiad  never  ascended  Mont  Blanc,  and  whom  Coutet  wished  to 
temain  with  M,  Selligue,  refused  to  do  so.    The  weather  was 
fav  ourable,  and  every  one  was  desirous  of  ascending.    At  length 
'two  ether  guides  consented  to  stay  behind.    Messrs.  Domford, 
.  Henderson,  and  I,  with  eight  guides,  set  out  from  the  Grand 
'^ulfet  at  20  minutes  past  five  ;  the  thermometer  was  at  34*^  of 
Fahrenheit.    Having  entered  upon  the  snows  which  were  het^ 
"Tather  deep,  we  went  immediately  towards  the  Aiguille  du  Goiite,  ■ 
afterwards  we  ascended  towards  the  summit,  and  almost  al- 
ways in  a  zig-zag  direction,  in  order  to  avoid  the  crevices  and 
steep  acclivities  ;  and  at  a  quarter  before  seven,  the  summit 
tenp,)f^ared  on  this  side.    The  weather  was  beautiful;  and,  very 
far  beneath  ns,  we  saw  white  clouds,  like  a  calm  sea,  penetrated 
iiere  and  there  by  the  summits  of  the  highest  mountains,  the 
liames  of  which  were  mentioned  by  Coutet,  les  Fours,  TAignille 
ide  Varens,  le  Buet,  le  Dent  du  Midi,  le  Dent  de  iVlolrcle,  &c. 
At  about  seven  o'clock  these  clouds  began  to  diBfierse,  and  we 
jperceived  le  Pheur^.    As  we  continued  to  ascend,  we  found  this 
Bnow  harder,  and  not  so  deep.   No  snow  seemed  to  have  iiidleii 
1hl  these  higher  parts  for  some  time. 

At  20  minutes  {MMft  Beven  i^  mefaedthii^iifet  'df  ltapet|MU 
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forms  of  snow,  which  occur  in  the  space  between  the  Dome  i«* 
Gout^  and  Mont  Maudit,  the  eastern  shoulder  of  Mont  Blanei 
After  having  crossed  this  first  platform,  at  a  quarter  before  eigh<)'' 
we  ascended  an  acchvity  at  an  angle  of -^6°  or  30°.    This  leads 
to  the  second,  which  we  began  to  cross  at  10  minutes  past 
eight,  having  then  on  our  right  hand  the  great  seracs*  of  ic^ 
which  are  visible  even  at  Charnouny,    The  sky,  when  observed 
near  these  white  masses  of  ice,  appears  of  an  extremely  deep*  . 
blue  colour;   indeed  ahnost  black.     After  having  ascended 
another  steep  acclivity,  we  reached,  at  half-past  eij^ht,  the  kail 
of  the  great  platforms,  bounded  on  the  ri^^ht  by  the  his^hest  pait 
of  the  Dome,  on  the  left,  by  the  last  rocks  on  this  siv:lc,  and  on 
the  south  side  by  a  steep  acclivity,  at  about  the  height  ofwhichj 
tad  a  httle  further,  appears  the  summit  of  Mont  Blanc.  Here 
ow  guides  congratulated  us,  telling  us  that  all  difficulties  wart 
Mtaally  overcome;  there  were  no  .more,  creriees,  no  mov$ 
duigeiB*   Never,  said  they^  did  an  ascent  succeed  better ;  ntf 
one  ever  JNoended  more  rapidly,  and  with  less  diiiculty.  lit 
hd,  the  snow  had  precisely  the  degree  of  hardness  which  iA  .  ; 
desiiabte  for  walking  upon  with  ease:  the  feet  did  not  sink  too 
Mnelif  'iaiid  the  enew  was  not  too  hard.   We  had  aevertheieM 
§9frmome  time  experienced  the  effects  of  the  tBo^  of  the  airl 
tuy         beat  128  in  a  minute,  and  I  was  cofitihaally  thtrstyi 
€hir  guides  adviaed  us  to  bieaklast  here,  for,  'said  thejTf  higfasi 
ep  yott!  wH  have  no  appetite.  A  dk>th  wm  unread  upon  iUt . 
imm  at  the  entranee  of  the  greet  pfatfiNvn,  which  served  Mb  , 
ib«  chaifls  and  table.  Every  oneeat  his  half  chicken  with  appss 
lite«  •  1  airangsd'several-  thmgs  for  theebsereatioiiv  and^apeii* 
vents  which  1  proposed  to  suike  on  the  stunnitt.  I  yntptB-.tmm 
motes  to  annonnoe  eur  arrival  at  the.sttmmit^  lebving  a  bJeirii 
nersly  to  tnsnt  thefaeur.  Iintsndedtofi»teiithemt0  8pigsM 
wUdi  1  bad.  widi  me,  and  which  I  intended  to  itbsmte  on  the 
siaimit^  in  xmler  to  observe  how  he  would  fly- in  this.  iaie,sabna» 
w^hm€ ;  'and  afterwards  to  know  if  he  woeld  find  bis  way^  dH 
Sallenche,  where  tlie  female  was.    We  kept  a  bottle  of  cmr 
best  wine  in  order  to  drink  to  the  memory  of  de  Saussure  on  the 
summit.  •  .  \ 

At  precisely  nine  o'clock,  wc  set  ofTto  ascend  the  summit^ 
which  we  saw  before  us.  \V  ould  you  accept  a  thousand 
pounds  to  descend  instead  of  ascending  ? "  said  one  of  ray 
companions  to  his  fellow  countrymen,  "  I  would  not  return 
for  any  money,"  was  the  reply.  We  were  all  full  of  hope  and 
joy  at  seeing  ourselves  so  near  the  end  of  our  journey.  r  The 
beautiful  weather,  the  calm  which  reigned  around  us,  the  celes* 
lial  air  which  we  had  breathed  durin^  oar  repast,  made  impres* 

sicos  upon  our  mnds  which  are  not  experienced  in  lower  regionsi 

h" '      '     .  -  , .  » 

mmi  wliich  are  found  %t  gremt  hdg^   The  name  is  doiTCd  nom  m  Uad  of  wtfw 
iirfs'^iw  ilw  ■iirtHiiiiiii  irt  ii  ilriiidnlwSif  ftimi  mf^nn, 

i  .      fc/  '  "i^  Xc    K»*    '  ■    ^   t    '  ^  *     Digitized  by 'ri 


C  mvw  myself  already  on  the  summit.  I  took  a  specimen  of  the 
U^Kest  rock  in  Europe  to  place  it  in  the  Imperial  Mineralogicai 
Vabinet  at  St.  Petersburgh.  i  intended  some  for  the  museum 
Hi  Geneva,  and  other  collections, 

:  We  crossed  the  great  platform  of  snow,  at  the  entrance  of 
frhich  we  had  breakfasted.  While  crossing,  I  had  occasion  to 
tern ain  for  some  time  rather  behind,  and  it  was  near  the  angle 
0n  the  right  that  1  rejoined  the  company.  We  ascended  about 
lialf  the  height  of  the  great  acclivity  of  snow,  which,  extendmg 
4he  whole  length  of  the  platform,  rises  towards  the  summit  o€ 
MoDt  Blanc.  As,  however,  between  this  acclivity  and  the 
summit  there  are  ridges  of  ice  which  are  almost  vertical,  it  is 
ntcestary  to  cross  the  acclivity  horizontally,  by  keeping  to  the 
left,  in  order  to  reach  the  last  great  rocks  at  the  height  of 
14,700  feet  from  which  Italy  is  visible*  From  these  rocks,  by 
burning  to  the  right,  the  summit  is  asceadedy  at  die  height  of 
fi60  feet.  We  walked  one  after  the  other,  fur  it  is  prefeiule  to 
Iread  in  the  footsteps  of  the  first  guide,  who,  on  account  tti  Ikt 
fiitigue  which  he  suffers,  is  changed  from  time  to  time. 
i  We  advanced  thus  in  a  nearly  horizontal  line,  crossing  the 
•udivitY  about  half  way  up;  that  is  to  say,  at  almost  equal  dia* 
tancea  between  the  ridges  on  our  right,  and  the  platform  of  snom 
upon  our  left.  No  one  spoke,  for  at  this  height  even  talking  im 
littgum^,  and  the  air  couTcys  sound  but  iainUy .  I  was  still  the 
^ttt,  and  after  takinj^  a  dozen  steps,  supported  by  my  stick,  I 
lHofped  to  make  lo  msfMrations*  1  found  that  in  this  manner  I 
#Diua  advance  without  exhaustion.  .  Prepared  with  green  spee* ' 
^fedea,  and  with  crape  before  the  foce,  my  eyes  were  fixed  upon 
'Wy  steps,  which  I  counted.  Suddenly  I  felt  the  snow  give  wajr 
«mder  my  feet.  Thinking  that  1  merely  slipped,  I  thrust  my 
tftick  to  the  left,  but  in  vain.  The  snow,  which  accumulated  on 
my  right,  overturned  and  covered  ine ;  and  1  felt  myself  forced 
downwards  with  irresistible  power.  I  thought  at  first  that  I  was 
.the  only  one  who  sufiered  this  accident,  but  feeling  the  snow 
accumulate  upon  me  so  as  almost  to  prevent  my  breathing,  I 
imagined  that  a.  great  avalanche  was  descending  from  Mont 
Blanc,  and  forcing  the  snow  before  it.  Every  moment  I 
expected  to  be  crusned  by  this  mass  :  while  descending  I  turned 
over  repeatedly,  and  I  strove  with  my  strength  to  divide  the  snow 
with  my  arms,  in  which  1  was  buried  and  strugghng.  1  succeeded 
at  last  m  getting  my  head  out,  and  I  saw  that  a  great  part  of 
Ae  acchvitv  was  moving  ;  but  as  1  found  mystlf  near  the  edge 
of  this  slippery  part,  I  nuide  every  effort  to  get  upon  the  hard 
#now,  where  1  might  at  last  find  footing.  It  was  not  until  then 
that  1  knew  the  extent  of  the  danger ;  for  I  saw  myself  near  a 
erevice  which  terminated  the  acclivity,  and  separated  it  from 
|he  platform*  At  the  same  moment  I  saw  Mr.  Hend^rson'a 
^ead  still  nearer  this  abyss.  I  discovered  still  further  Mr.  X>orn-» 
ford  and  tjiree^  guides,  but  the  five  others  did  not  ;qppear,^*4[ 
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koped  still  to  see  them  come  out  of  the  snow  which  hadstoppec^ 
but  Mathieu  Bahiiat  cried  out  that  there  were  still  persons  ih'thi 
crevice.  1  wiU  not  attempt  to  paint  what  then  passed  in  tA^ 
mind.  I  saw  Mr,  Domford  throw  himpelf  upon  the  snow  la 
despair,  and  Mr.  Henderson  was  in  a  condition  which  made  me 
fear  for  the  consequences.  But  our  consolation  may  be  judged 
of  when,  some  minutes  afterwards,  we  saw  one  of  the  guides 
^ome  out  of  the  crevice  ;  our  hurras  redoubled  at  the  appear*- 
«nce  of  the  second ;  and  we  yet  hoped  that  the  three  otheirt 
would  also  reappear,  .but,  alas  !  they  were  seen  no  more.  ' 
,  The  goideSi  fearing  a  second  slipping  of  the  snow,  directed, 
us  to  remove  to  a  distance,  but  tkat  was  impossible.  Mr.\Donfr 
lord  declared  that  he  was  ready  to  sacrifice  his  life  to  go  nnd 
•earch  for  the  unfortunate  ^iaes :  I  offered  bim  my  hand»  uniil. 
partly  sunk  in  the  snow,  still  moveable,  we  advanced  in  spite 
of  the  guides,  towards  tbe  crevice  of  unknown  depth  filled 
with  enow,  and  to  the  {dace  in  which  they  must  have  falten. 
Sliere  we  descended  into  this  gulph,  and  I  sounded  the  snow 
every  where  with  a  stick  witkout  feehng  any  resistance.  Si^ 
pMing  it  possible  that  the  men  mieht  have  fallen  into  soma 
mvily,  or  upon  some  projection  in  uie  crevice ;  and  as  the  avj^ 
M  nccoint  of  itsmrity,  does  not  convey,  sound  well,  I  tbrastthn 
longest  stick  quite  to  the  end  in  the  snow;  and  lying  down  upon 
k,  A  applied  my  teeth  to  the  stick,  and-calliiig  the  mcin.  by  th(dr. 
names,  1  listened  with  great  attention  to  hear  any  noise ;  bm' 
nD  was  in  vain.  The  guides  came  upon  us,  and  forced  us,  so  to 
express  it,  to  come  out  of  the  crevice.  They  declared  our  search 
useless ;  they  even  refused  the  money  that  we  offered  them  if  thejr 
would  wait ;  they  laid  hold  of  MM.  Domford  and  Henderson^; 
and  while  I  was  still  sounding  the  snow  (which  had  passed  the 
x:revice  for  a  Ljreat  space),  they  proceeded  immediately  with  then> 
to  some  distance;  so  that  1  was  under  the  necessity  of  descendr 
jng  with  only  Coutet,  who  had  not  even  a  stick ;  but  absorbed 
in  the  horror  of  the  event,  1  was  become  insensible  to  danger^ 
and  1  crossed  all  the  crevices  without  thinking  of  them.  1  did 
not  rejoin  my  two  companions  till  I  arrived  at  the  Grand  Mulet> 
from  whence  we  set  off  for  the  Glacier  des  Bossons,*  and  lit 
balf-past  eight  in  the  evening,  we  returned  to  the  Hotel 
rUnion  at  Chamouny,  without  experiencmg  any  great  degree 
of  fatigue.  I  was  the  more  astonished  at  this,  because,  for  an 
hour  after  the  accident,  1  made  ^ri^nt  efforts  in  an  elevated  &itu%- 
tion  w  here  the  least  exertion  exhausts  tlie  strength.  • 
"  I  shall  here  add  a  few  words  explanatory  of  our  unfortunate 
accident,  it  appeared  that  the  upper  stratum  ofthe  snow  on  the 
acchvity  lay  upon  another  stratum,  which  w^  very  slippery  on 

-  •  In  cros.sing  the  Glacier  des  Bossons,  yre  found  a  young  chamois  u]X)n  an  iaie  6f 
ke,  surrounded  with  •oormous  crevices,  it  had  probably  died  from  inamtion.  One  o^ 
<itthig|i  j0racf^  imdcr  dis  iludeof  iribidi  mhu  iq^o^  Mcebt,  liadfidbaia 
iftftiMnif  and  bad  CBVtnd  dw  ipiM  oi| 
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the  surface  ;  and  as  our  track  cut  the  first  stratum  acrosii,  the 
part  which  was  abore  us  began  to  siip  upon  the  other,  forming 
what  la  called  in  the  TOberland  de  Berne,  .nwfrg;ischitee,  m 
rutschlauine.    In  that  \mvi  where  the  first  of  our  hie  walked,  tH« 
acclivity  was  much  steeper  than  near  nie  where  I  had  measured  it 
a  little  before  the  accident ;  there  it  inclined  at  an  angle  oi  28^ 
Fuither  on,  the  mass  of  suow  was  also  thicker,  especially  hig^b 
up  ;  for  the  wnid  usuallv  drifts  there  the  loose  snow  blown  from 
the  summit.    For  these  reasons,  the  slipping  necessarily  beiz^ail 
at  this  place,  and  the  snow  descended  directly  towards  the 
crevice ;  while  about  me  it  took  an  oblique  direction  fomard. 
It  was  on  this  account  that  the  three  first  of  the  file''^  fell  00 
deep  into  the  crevice,  and  were  covered  with  snow,  so  that  w% 
Wme  unable  to  discorer  them,  while  the  fifth  and  nstb^t  who 
ImmI  alao  ftillen  in,  were  able  to  disengage  themselves.  CoMtt 
Isame  up  with  his  face  of  a  blue  appearance,  and  with  symptoiM 
of  suffocation.    Mathieu  Balmat,  who  was  a  verjr  strong  nuut^ 
and  one  of  our  principal  guides,  walked  fourth;  was  tlie  only  one 
is4io  coiiUi  withstand  the  slipping  of  the  snow.  Thrown  down  and. 
tiWiwards  carried  to  some  dliAtance,  he  had  the  presence  of  mmi 
lo'thmst  his  krge  stick  down,  like  an  anchor,  into  the  hardened 
iaow.  The  two  other  guides:):  were,  Kke  us  thre<»  tmveH^,  barM 
in  the  snow,  and  forced  towards  die  crevice,  without,  however,  ftB» 
ing  into  it.  The  goides  reckoned  die  surface  of  the  snow  which 
moved  to  he  neai^  lOOIathomsbroad,  and  260  high  in  an  obliqn* 
direction.   From  die  firmness  of  the  snow  which  had  slipped,  it 
was  evident  that  it  had  not  lately  fallen.   The  guides  most  accus* 
tomed  to  the  snow  did  not  suspect  any  dangrer.    At  the  moment 
the  accident  occurred,  the  brother  of  one  ot  our  principal  guides 
Walked  first,  and  the  second  was  a  man  who  had  been  this 
journey  12  times.    In  coming  from  the  side  of  St.  Gervais,  pass- 
ing by  the  Aiguilles  and  the  Dome  du  Goute,  it  is  necessary  to 
take  the  route  to  Chamouny,  in  order  to  reach  the  acclivity, 
which  deceived  us  when  w^e  imag^ined  all  dangers  were  past. 

**  Whether  we  ascend  one  side  or  the  other,  even  after  having 
escaped  as  I  did,  the  formidable  rocks  of  the  Aiguilles  du  Gout^ 
and  passed  the  gulphs  of  the  Glacier  des  Bossons,  we  incur  the 
danger  near  the  summit  o(  beinf^  swallowed  up  by  the  yielding 
of  the  snow  which  at  tirst  appears  to  be  firm,  but  suddenly  <^ive& 
way — a  species  of  danger  against  which  it  is  di£icult  to  find  a 
preservative." 

*  They  were  timt  Balmat,  braliher  of  Mtdtten^  «d  ddcit  wm  of  P.  Bdmat,  on* 
0f  tile  andait  guldM  of  M*  de  Stomim  Pierre  Catrier,  a  smith  by  trade,  who  had 
^een  1 1  times  upon  Mont  Blanc;  and  Augiistc  Terraz.  This  last  and  P.  Balmat  bod 
nrrer  been  on  Mont  Blanc,  and  were  the  two  guides  who  refuged  to  remain  at  ibt 
Otand  Mulct.  The&e  three  carried  the  provisions,  the  instruments,  the  pigeon,  and  a 
Jive  fowl.   No  one  of  them  was  manied. 

f  Joseph  Marie  Cootet,  one  of  oor  principal  guides  (his  father  was  a!so  with  AL  4p 
^atissare),  and  Julien  Bervausson,  who  escaped  being  poisoned  by  oil  of  vitriol. 

±  DtM  Couletf  the  brother  of  Joseph  Matic,  our  principal  piide,  and  £|av|i 
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Article  VI* 

Dtscrtptiou  of  a  mw  ClinomeUr,   By  S.  P.  Pn^t* 

(With  a  Plate.)  ^  : 

<To  tl|^  Editor  of  the  JljiM/t  ^  PA«/o«9^AyO 

Sm,  Tottenham^  Dec,  1850. 

I  8£M)  you  a  drawing  (PI.  II.)  of  a  simple  mslniment  wliich 

ihave  had  some  time  in  use  for  determining  the  dip  of  strata; 
consists  of  a  brass  ruler,  of  12  inches  by  |  of  an  inch  m  breacUlly 
closing  upon  an  hinge,  and  covering,  when  closed,  an  arch 
drawn  from  the  centre  of  the  hinge,  and  divided  into  90  degrees 
on  the  sanle  side^  near  one  extremity  of  the  ruler  a  small  spirit 
level  is  insert^  truly  hoiizontali  with  its  edge — the  applica- 
,tioB  -is  pbvtogs.  The  ruler  being  closed,  with  the  level  upper- 
most, is  placed  parallel  to,  or  upon  any  projecting  edge  of,  the 
strata  to  be  examined,  and  then  gradually  opened  until  the 
Jerel  becomes  horizontal ;  jthe  bisection  of  the  arch  near  the 
hinge  of  the  ruler  will  give,  the  angle  formed  by  its  two  legs,  and 
consequently  the  inclination  of  the  strata  with  the  horizon. 

I  am,  Sir,  yours,  S.  P.  Pbatt. 

Nofe. — ^The  simplicity  of  this  instrument  appears  strongly  to 
recommend  it*  It  is  made  aa^  kepi  for  sale  by  Mr.  ,Bafei^ 
Poultry.  , 

On  Red  Snow,,  By  Pr.  Henderson. 

(To  the  Editor  of  the  Annals  of  Fliilosophi/.) 

.  In  Ail  several  acc^ts  wliikh  were  glveft  of  the^retf  melt 
found  in  Baffin's  Bay,  I  do  not  recollect  that  any.ons  hi» 
adverted  to  the  fact  of  this,f>henemetion  being  familiar  to  the 
ancients.  While  I  was  lately,  turning  over  Uie  pages  of  the 
Indefatigable  Plitiy,'  for  a  very  diffetent  object,  1  stuidbled  upon 
t  passage  (litr.  xi.  e.  35)  where  he  ikientiofis  thiit  snow  turns  rei 
age  — "  ip$a  tdr  ^tvsinte  rubeseiti*'  Nor  is  the  cause'  Ihlia 
ISslgiied  for  the  colour  by  any  means  inconsistent  with  the  bett 
analyses  of  the  red  snow  as  brouglit  to  this  country  in  a  liquid 
form;  for  it  is  evident  that  if  this  variation  ot  the  colour  of  the 
know  on  particttlar  spots  be  the  result  of  the  formation  o(  a  lichen 
"ll^  byssus  on  its  surface,  it  ^an  only  be  on  the  old  snow  thait 
iiu:h  Fegetation  will  occur.  L  remain,  dear  Sir,  ' 
"  -    •  ■         •    Your  most  obedient  servant, 

  '  V  M.  HsttBEBSOK* 

/ . 
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Article  VIII. 

A  new  Method  of  drawing  a  Tangent  to  the  Circle* 
By  Mr*  W  lUiam  Ritchie^  AM.  of  the  Academy^  Perth. 

f 

(To  the  Editor  of  the  Annals  of  Philosophy.) 

SIB, 

'  I  HAVE  taken  the  Uberty  of  sending  yon  a  new  method.of 
drawing  a  tangent  to  the  circle  which  appears  to  me  stm]^ 
than  any  of  those  already  known,  and  which  I  hope  will  find  a 
place  in  your  Annals  of  Fhiimophy.  For  the  adranta^e  of  the 
young  geometer,  I  have  accompanied  it  with  the  analysiS|  or  the 
mode,  by  which  it  was  discovered.   I  am,  Sir, 

Your  obedient  servant, 

William  Ritchie. 


Analym* 

Let  B  F  D  be  the  g^iven  circle,  C 
its  centre,  and  A  the  point,  from  which 
the  tangent  is  to  be  drawn;  and  let 
A  F  be  the  tangent  required.  Join  CP, 
and  produce  it  till  F  £  be  equal  to 
F  C,  join  A  E. 

Now  since  the  angle  A  FE  is  equal 
to  A  FC,  each  of  them  being  a  nght 
quisle,  and  since  F  E  is  equal  to  FC, 
^BbSl  a  F  common  to  the  two  tri« 
angles  AFC  and  A  F  £,  these  tri- 
angles are  equal,  and  consecjuently  A  E  is  equal  to  A  C,  which 
is  given.  Again  C  E  is  given,  being  equal  to  the  diameter  of 
the  circle ;  werefore  the  point  E  is  given,  the  line  C  E  and  F 
its  intersection  with  the  circumference,  which  is  the  point 
required* 

Conipusilwn, 

From  A  with  the  radius  A  C  describe  an  arc,  and  from  C  with 
*s  radius  equal  to  the  diameter  of  the  circle  describe  another^ 
intmectii^  the  former  in  E ;  join  C  E  and  F  its  intetsectioB 
with  the  circumference  of  the  curcle  will  be  the  point  of  contact 
xeovired. 

■  For  C  E  being  equal  to  the  diameter  of  the  cirde»  and  C  F 
4heradiQ8,  F  £  is  equal  to  F  C,  A  C  iseqiud  to  A  E,  and  A  P 
«OBmioa  to  the  two  trian^s  A  F  C  and  A  r  E ;  therefore,  these 
triandes  are  equal  to  each  other,  and  consequently  the.eioffile 
A  F  £  is  equal  to  the  angle  AFC;  that  is,  A  F  C  is  a  ligltt 
angle.  .  Hence  A  F  is  a  tangent  to  the  circle. 
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Articie  IX. 

^    Oh  the  Dry  Rot.   By  Mn  W.  M.  Dinsclde: 
.  (To  the  Editor  of  the  ilmia&o^PAi/oMyiAy.)^ 

Permit  me  to  ask  some  of  your  more  scientific  correspoiMW 
entS;  In  what  light  they  view  the  following  analogous  eircum* 
fttaoces  connected  with  the  subject  of  dry  rot  in  timber^  and 
whether  they  do  not  in  some  measure  consider  them  to  throw,|^ 
ray  of  elucidation  on  that  important  head  ?  " 

1.  Id  recent  vegetable  juices,  I  think,  we  have  grounds  for 
believing  in  the  existence  of  acetous  acid  as  well  as  its  constio* 
tuents. 

2.  Casks  used  for  manufacturing  vinegar  soon  decay  if  they 
are  not  thoroughly  cleansed  from  we  mother  or  sediment  fonnM 
in  the  operation. 

3.  Baked  wood  is  less  subject  to  dry  rot  than  that  which 
unbaked. 

4.  Tar«  both  of  the  Stockholm  kind,  and  that  which  had  beeii 
made  at  the  gunpowder  charcoal  works,  has  been  found  to  rdt 
the  palings  at  Woolwich,  &c.  in  a  space  of  time  seldom  exceed* 
ing  three  years,  and  freoaently  consideraUy  less,  which  rot  was 
4ilecidedly  attended  by  all  the  appearances  of  diy  rot ;  while  it  if 
ec^uQlly  certain  the  rot  alluded  to  has  never  fouowed  the  use  of 
either  kind,  when  freed  from  its  pyroacetous  acid«   I  am.  Sir, 

Your  obliged  and  obedient  servant, 

W.  M.  DiNSDALB. 

We  are  in  some  doubt  as  to  the  absolute  correctness 
of  our  correspondent's  views,  but  as  the  subject  of  the  dry 
rot  is  one  of  great  importance,  we  shall  be  happy  to  insert  any 
hints  which  may  tend  to  elucidate  its  causes,  or  remedy  its 
ieffecU  £n.  '  ^ 


Articjle  X* 

Ott  ike  Faii  (f  Rain.  .     ...  ?s 
'  '   '    [  (To  'ib^Editor  (ifiiie  Amiah  of  Philosppk 

The  letter  inserted  in  the  last  volume  of  your  Amtth  ijf^Bhi^ 
iosopkf^p,  421,  recalled  my  attention  to  M.  Flauguerges's  paper, 
*aid  mdre  particularly  to  the  remarks  which  he  makes  {Annab, 
volxiv.  p:  U3^  U4;r)  OA  th^  relative  quantities.of  r^in  wfaiieli  are 
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received  by  gauges  at  different  heights  from  the  surface  of  the 
earth.  I  do  not  mean  to  enter  into  the  controversy  with  respect 
to  the  direction  of  the,  drops  :  this  1  shall  leave  to  Mr.  Meikle 
and  his  antagonists,  but  there  is  another  part  of  the  question 
which  seems  to  have  been  overlooked,  and  to  which,  therefore, 
I  could  wish  to  call  the  attention  of  your  readers. 

I  am  persuaded  by  private  observations,  as  well  as  by  those 
which  liave  been  made  public,  that  the  fact  is  csrtaiiilv  true  of 
more  rain  Pdllinor  near  the  earth's  surface  than  at  some  height 
above  it.  This  seems  to  be  a  paradox,  and  many  have,  there^ 
fore^  endeavoured  to  explain  it  away,  but  stiH  it  seems  to  me  to 
he  a  necessary  consequence  of  the  very  constitution  of  the  atmo- 
sphere. Clouds  collect  before  rain  falls,  hut  this  is  not  in  con* 
sequence  of  then-  being  the  only  source  of  moisture,  but  of  thQ 
Upper  strata  of  the  air  being  first  afiected  by  those  causes 
which  produce  the  rain.  The  quantity  of  rain  is  made  up  of  ti 
|ie&eral  discharge  of  water  from  the  air  between  the  earth  and 
me  region  of  the  clouds.  Hence  the  effects  must  accumulats 
as  we  approach  to  the  earth,  and  the  results  which  have  been 
ebserved  must  not  be  wholly  attributed  to  the  wind,  or  to  anjr 
accidental  circumstances  which  may  affect  the  instruments 
are  used'  for  t)ie  admeasurement*  M* 
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Some  Observations  on  Whale  Oil.  By  J.  Bostock,  MD.  FRS. 
LS.  and  HS.  MHi. ,  Mem.  of  the  Med.,  GeoL,  and  Astroa. 
Soc.  &c.  &c. 

CofiMMffwIy  ZNmw  ?1«  ISSOl  - 

Thb  object  of  this  communication  is  to  give  an  account  of 
some  experiments  in  which  I  was  concerned  that  were  made  ia 
order  to  ascertain  the  changes  that  are  produced  in*  oil  by  expos 
ing  it  for  a  length  of  time  to  an  elevated  temperature**  With* 
out  going  into  a  minute  detail  of  the  individual  experiments^  I 
shall  state  some  of  the  most  important  of  the  results,  and  shall 
afterwards  olfer  a  few  observations  upon  the  nature  of  the  pro- 
cess and  upoa  the  mode  by  which  the  change  is  effected  The 
quantity  of  oil  operated  upon  was  generally  froai  2o  to  oO  gal- 
lons; the  fluid  was  contained  in  a  boder  three  feet  long,  one  loot 
six  inches  wide,  one  foot  three  inches  deep;  fire-place  14  inches 
long,  th.te^  \m\m^  wiide^  the  bar^  three  inches  £rom  li^e  bMitom 

*  The  experiments  wert  performed  Mt  the  manuiACtory  of  Iklesara.  Taylon 
Usrtiieau,  in  the  presence  of  jeveral  sdentific  gentlemeD:  among  others,  of  ilr.  C^aL 
ftiBt  Mr.  A]]dn>  Mr.  DiDidl»  Mr.  fildiatd  Ftafllipf,  i&d  Mr.  Fsandil'. 
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41^  the  boiler.  The  oil  occupied  about  two-thirds  of  the  vessel; 
it  had  a  concave  bottom,  and  was  closed  air-tight,  except  that  a 
tube  of  half  an  incb  diameter  was  inserted  into  its  upper  part. 
ISLe  temperature  employed  was  and  the  oil  was  carefuUjr 

kept  at  that  degree  of  heat  during  12  hours  each  day.  In  the 
^liferent  trials  the  process  was  continued  for  22, 23^  26,  38,  and 
66  days  respectively,  mattiy  in  one  instance,  it  was  ex  tended* 

d&ye.  'rhe  substance  employed  was  the  whelef  oii  of  eom^ 
eierce^  in  cbe  state  of  puiitj  in  which  the  article  is  tumaily  «exM* 
iited  for  sale,  • 

When  the  oilwMxamlned,  alter  having  been  keptattheiaihof^ 
temperature  for  the  periods  above  stated^  its  physical  propertiMr 
erore  eonsiderably  altered^  ite  colour  was  neariy  black,  its  eiQQ^ 
aiiteoee  •thtek  end  tenacioiis^/and  its  odowr  *  empyretiinatM.  * 
Whf»ii  heat  was  applied  to  it  in  this^state,  tther  it  had  beei^ 
oooled  down  to  the  temperoture  of  the  atmosphere,  the  fiiifl 
eiect  was  to^iwder  ilimore  fleid ;  aad  at  higher  decrees  ^aflkeit 
,  its  consistence  seemed  to  be  considerably  less  than  mkt-o^ffeoeDlt 
W4iile  the  M  was  in  the  boiler,  and  at  the  temperature  of 
860^,  an  interod  motion  took  place  among  ttaparts;  mt  seesied 
to  arise  from  eeme  -porlidni  of  it  being  cdnverted  to  the  aerifem 
atate,  and  suddenly  condensed:  this  was  indicated  by  a  peculiar 
sound  emitted  from  the  vessel  analogous  to  the  simmering  of 
water  before  it  is  raised  to  the  proper  boiling  point.    It  was 
observed  that  the  siiinnering,  if  we  may  so  term  it,  duninished 
as  the  oil  exceeded  I  he  temperature  of  400^  ;  and  after  it  had 
jKQuued  the  heat  of  abcut  450°  was  no  longer  heard. 

But  the  most  mateiitil  alteration  in  the  oil  was  the  property 
which  it  had  acquired  of  emitting  vapour  when  it  was  bui)jected 
to  temjjeratures  which  would  have  had  no  effect  of  this  kind 
upon  recent  oil.  Both  the  quantity  of  the  vapour,  its  rhemical 
-composition,  the  mode  of  its  generation,  and  the  degree  of  the 
thermometer  at  which  it  first  appeared,  were  very  different  in 
the  diderent  expcnments  :  and  there  does  not  appear  to  be  suffi- 
£;ieot  data  for  formmg  a  correct  opinion  upon  any  one  of  these 
pointa.  One  of  the  circumstances  which  seemed  the  most 
favourable  for  its  production  was  the  rapidity  with  which  the 
fluid  passed  through  a  certain  range  of  temperature.  Oil,  fm' 
wuaple,  which  was  steadily  kept  at  360^,  although  it  had 
«oqi9ited  the  dark  colour,  seemed  to  produce  httle  aeriform  fluid 
af  any  kind,  with  perhaps  the  exception  of  a  portion  of  carbom* 
aoid;  and  there  is  some  reason  to  suppose  that  it  might  bear 
««en  a  higher  temperature,  provided  the  heat  be  cautiously 
ifiplted.  But  if,  on  the  contrary,  the  heat  be  more  rapidly  raised, 
m>  Gopiottft  diadiarge  ef  an-  aeriform  fluid  takes  place,  which 
Msiwii  ally  consists  of  inflammable  and  aqueous  vapour  mixed  in 
finriable  proportions.  The  total  amouat  of  rapour  emitted^.,  th^ 
propoitioa  (n  the  aqueous  to  the  inflammable  part,  and  the  xAii^^ 
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fiscal  nature  of  tkis  latter,  have  not  been  corm^tly  ascertainecL 
jior  is  it  iLDOwn  whether  any  thing  is  procured  which  is  entitlM 
to  the  technical  appellation  of  gas.  It  may,  however,  be  staCc4 
gweraily,  that  the  quantity  of  Tapour  is  large,  that  the  propor- 
tion of  the  insredienta  vary  in  different  parts  of  the  same  expert- 
meat,  and  mat  the  aqueous  is  more  condensaUe  than  th* 
inflammable  part.  This  appeared  by  bringing  a  cold  body  in 
contact  with  the  vapour,  and  the  condensation  frequently  was 
observed  to  take  place  merely  by  the  ordinary  temperature  of 
the  atmospheie  :  in  this  case  the  inflammable  part  was  left  in  a 
highly  combustible  stute.  The  difiiculty  with  which  this  inflam- 
mable vapour  is  condensed  was  strikmgly  illustrated  by  one 
experiment,  in  which  the  oil  vapour  was  passed  through  a  woraa 
tube  of  23  feet  in  length  :  by  this  means  the  aqueous  part  was 
entirely  removed,  and  the  residue  burned  with  a  continuous 
bri<^ht  flame-  The  water  collected  in  this  case  was  strongly 
acidulous,  inconsequence,  as  it  appeared,  of  the  copious  gene* 
ration  of  acetic  acid. 

In  most  of  the  experiments  the  emission  of  inflammable 
▼apour  was  scarcely  perceptible  below  a  temperature  of  400®  ; 
but  in  one  instance,  where  the  oil,  after  having  been  in  the 
boiler  for  66  days,  was  su  fie  red  to  cool  to  the  temperature  of  the 
atmosphere,  and  then  heated  by  a  brisk  hre,  a  quantity  of  vapoor 
was  generated  below  210^  (the  degree  at  whicn  the  graduation 
of  the  thermometer  commenced),  which,  by  the  applicatiou  of 
a  lighted  taper,  exp»loded  with  some  violence.   Speaking  from 

Saieral  observation  it  would  seem  that  when  the  temperature  of 
e  oil  is  raised  to  about  420^  or  430^,  the  proportion  of  the 
inflammable  to  the  aqueous  vapour  is  more  considerable.  If  the 
.temperature  be  further  raised  to.  about  .480^,  the  proportion  .of 
:3die  aqueous  vapour  is  increased ;  while  at  a  still^higher  tempera^ 
ixix^,  above  50U°)  the  inflammable  vapour  again  predominates. 
With  respect  to  the  phenomena  which  the  mixed  vapour  exhibit* 
ilnnng  combustion,  it  may  be  remarked  that  its  inflammation  is 
jiot  attended  with  detonati<m ;  when  the  aqueous  part  prevail^ 
the  flame  is  quickly  extinguished;  but  that  m  proportion  .as  it  is 
freed  from  the  aqueous  vapour,  it  bums  with  a  considerably  denst- 
and  brilliant  flame« 

Another  efiect  which  appeared  to  result  ftpm  the  long  conti^ 
nued  application  of  heat  was,  that  the  oil  had  its  boiling  point 
lowerea,  or,  to  speak  more  correctly,  that  below  the  temperature  ' 
which  is  generally  regarded  as  the  boiling  point  of  recent  oil, 
the  heated  oil  was  rapidly  converted  into  an  iidiaunnable 
vapour,  but  oi  a  different  kind  from  that  procured  at  lower  tem- 
peratures ;  the  vapour  procured  irpm  the  boihug  uil  containing 
less  water,  and  having  a  highly  offensive  and  most  penetrating 
odour ;  whereas  the  former  vapour  had  comparatively  little 
m»^, .  an4  (bat  not  peculiarly  disagreeable.  ^  The  change  to 
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trhich  I  now  refer,  generally  took  place  at  about  580°:*  it 
appeared  to  consist  in  the  vaporization  of  the  residual  tiuid  in 
the  boiler ;  but  it  was  not  strictly  entitled  to  the  appellation  of 
boiling,  because  it  does  not  appear  thatby  condeubing  the  vapour, 
,a  fluid  could  be  reproduced  siimlar  to  that  from  which  it  waa 
procured. 

The  above  observations  are  to  be  regarded  as  matters  of  fact, 
independent  of  hypothesis;  but  it  is  impossible  lo  cuntemplate 
the  phenomena  without  speculatina;  upon  the  changes  which  the 
oil  may  be  supposed  to  have  undergone  by  the  long  continued 
action  of  heat  upon  it.  We  may  conceive  that  during  tliis  ope- 
ration the  eleiueiits  of  the  oil  act  upon  each  other^  and  that  the 
fluid  is  converted  into  an  heterogeneous  compoimd;  that  the 
first  new  product  is  a  substance  containing  a  larger  proportion 
of  hydrogen,  and  constitutiiig  a  highly  volatiie  oil|  capable  of 
being  brought  to  the  aeiiform  state  by  a  comparatively  low 
tempeirature.  The  next  accession  of  heat  seems  to  be  attended 
with  the  production  of  water,  which  is  emitted  along  with  the 
▼apour  of  the  volatile  oil ;  while  at  length,  by  a  further  increase 
of  temperaturei  the  substance  remaining  in«  the  boiler,  now 
depiiv^d  of  a  considerable  proportion  of  its  oxygen  and  hydro*  * 
gen,  gives  rise  to  a  highly  inflammable  pungent  yapouTi  compa- 
ralivcfy  free  from  water,  but  accompanied  by  a  considerable 
proportion  of  acid.  Although  the  experiments  seem,  to.  prove 
that  at  least  a  small  quantity  of  the  volatile  oil  is  capable  of  being 
generated  at  the  temperature  of  yet  it  is  probable  that  ti^ ; 
chief  effect  of  this  temperature  is  to  produce  a  change  in  the  « 
oil,  which  may  dispose  it  to  the  production  of  tihe  volatile  mat- 
at  a  somewhat  greater  heat^  the  mode  in  which  Ae  heat  ie 
applied  being,  to  a  certain  extent,  more  important  dian  tht 
actual  degree  to  which  it  is  carried* 

It  is  unnecessary  to  remark  that  the  facts  which  have  been 
observed,  although,  as  I  conceive,  new  and  imjportant,  are  to  be 
considered  as  constituting  only  the  first  step  or  an  investigation, 
which  wiU  probably  lead  to  many  curious^  results.  In  what 
degree  the  phenomena  depend  upon  any  thing  pecuUar  in  the 
nature  of  wnale  oil  in  its  ordinary  state  of  purity,  or  upon  any 
heterogeneous  substance  contained  in  it,  is  the  first  point  that  it 
will  be  desirable  to  ascertain.  In  the  next  place  it  will  bo 
important  to  watch  the  gradual  progression  by  which  the  oil  has 
its  physical  and  chemical  properties  so  much  changed,  and  to 
discover  at  what  degree,  or  after  what  period  of  time,  the  maxi- 

•  In  one  of  our  erpcTitncnt!;  a  species  of  ebullition  occurred  at  a  much  lower  tcm* 
perature,  about  460°,  the  fluid  being  violently  projected  in  considerable  jets  from  the 
vent  pipe  to  the  height  of  nine  feet  or  more,  when  the  iurfftce  of  the  oil  Mrm  about  £ve 
iodiM  Itdow  eie  cover  nf  tlit  boQer,  and  tbe  oriSoe  of  llw  vent  pipe  Kt€irad  into  U. 
We  were,  however,  induced  to  regasd  tllil  w  not  Um  iMult  at  the  rapid  voUtiliution 
of  the  entire  fluid,  but  as  depcndini^  npon  the  more  vn1aii!e  part  of  it  being  suddenly 
convent  into  vapour,  which,  iiuuuatej^  miiung  with  the  viscid  nuuss,  f<Nxed  •  portioa 
of  it  out  of  the  tube. 
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'txmm  of  eflfect  takes  place,  or  whether  indeed  there  be  any  term 
ofthis  kind'    It  will  be  next  desirable  to  learn  what  is  the  lowest 
temperature  at  which  the  volatile  oil  and  the  water  are  respect- 
ively generated,  and  to  examine  at  different  temperatures,  and  at 
-dUferent  periods  of  time,  Uie  proportion  which  these  substances 
bear  to  each  other.   It  will  likewise  become  a  verr  curious 
^mAnect  of  investigation  to  learn  with  more  accuracy  uie  nature 
tUQa  properties  of  the  inflammable  vapour,  whether  it  conaisl, 
merely  of  the  Todatile  oil  in  a  vaporized  state,  or  of  this  mixec 
trifit  some  permanent  ^as if  so,  whether  the  gas  resemble  air 
^ypecies  of  carburetted  hydrogen  with  which  we  were  previous!* 
lacqaainted.   Lastly,  we  must  investigate  the  nature  of  thev(da 
^e  oil|  when  obtained  in  a  separate  state  by  distill  ation,  anc 
«iso  that  cf  tike  acid  generated  in  Ihe  latter  part  of  the  opera- 
tion,  whether  it  be  actualfy  the  acetic  add,  or  in  what  reaped 
ItwTers  from  this  acsd  as  obtained  by  the  ordinary  processes. 


On  ihe  Preparation  of  pure  Salts  of  Manganese,  and  on  tb 
JCompotUum  Iff  its  Ox%de$n   By  G.  Farchhammer ,  Fh.  J^^ 

The  principal  ore  of  manganese  wrought  for  the  preparatioi 
of  chloime  IS  the  common  grey  ore  oi  this  mental,  or  the  peroxide, 
I  have  tried  several  of  the  ores  which  occur  in  GeriuaMy  in  vein, 
and  beds  in  a  porphyry  belonging  to  the   first  secondar 
sandstone,  and  found  them  all  containing  some  copper,  v 
very  small  quantity,  excepting  of  course  the  complete  crystal 
of  It  which  are  generally  free  from  this  admixture.    It  appeal 
that  the  Devonshire  ore  is  found  in  the  same  ^eognostic  positio 
as  those  above-mentioned;  and  I  found  this  likewise  containin 
some  traces  of  copper,  which,  though  the  combination  does  nc 
bear  the  character  of  a  clieniical  compound,  is  a  striking  instance 
of  the  similarity  in  the  tormation  of  the  same  mineral  ni  f  ar  dis- 
tant roiintries.    Besides  copper,  iron  always  is  present,  and 
a  small  quantity  of  barytes,  and  even  of  lead,  occur  very 
i3(ten.    Iron,  however,  is  an  admixture,  the  separation  of  which 
lias  generally  been  the  most  attended  to;  and  many  chemists 
'have  attempted  to  remove  it  by  simple  processes.   Inere  is  no 
doiibt  that  the  benzoate  and  succinate  of  any  alkdi  will  throw 
4own  all  the  deutoxide  of  iron ;  but  if  there  is  protoxide,  it  may 
escape  to  a^oertaint degree,  and  then  these  salts  are  so  expensive 
that,  for  preparing  a  quantity  of  the  pure  oxide  of  manganese,  it 
would  be  desirable  to  find  another  process.   The  method  J 
'made  use  of  is  the  following  :  I  prepared  in  the  common  way 
sulphate  of  manganese  by  heating  equal  parts  of  peroxide  ol 
manganese  with  sulphuric  acid,  o^y  taking  care  to  keep  it  is 
the  fire  until  vapour  of  suiphuric  acid  ceased  io  appeast 
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by  these  means  the  bisulphate  of  pcotoxide  and  tbe  suk* 
phada  of  de«toxide  are  decomposed,  and  eoaveitedinto  sidpkalc 
of  protoxide.  The  solution,  which  of  course  could  contain 
neitker  barytes  nor  lead,  whatever  quantity  of  them  ^ihere  miglit 
be  in  the  ore,  contains  oniy  the  Bulphates  of  manganese^  iron^  and 
oopper.  In  order  to  remove  the  two  latter  metab,  I  poured 
successively  into  the  solution  of  the  manganese  a  sdiition  #i 
hydrosulphuret  of  ammonia,  which  first  precipitates  the  c<^ptr 
oi  a  bladL  odour,  then  the  iron  likewise  black,  and  at  last-  tbe 
manganese  of  a  white  colour.  When  the  colour  of  the  precipi* 
iate  turns  grey,  I  heat  the  liquor  to  the  boiling  point,  and  then 
lAow  it  to  remain  undisturbed  for  the  purpose  of  trying  it  wilii 
tests. 

The  pmssiale  of  potash  is  sufficient  fer  that  [xurpose,  wittah 
precipitates  the  salts  of  pure  manganese  of  a  white  colour;  (ibe 
sUglitest  trace  of  iron  is  diredty  shown  by  a  blue  ooieur,  aad 
copoer  by  red. 

llie  crystab  of  sulphate  of  manganese  wMah  Imade  mm  of  Ar 
file  imalvsis  were  made  in  a  difeient  way  to  Ayoid  the  preseaee 
of  any  alkali.  Through  tile  impute  sidpnuric  solution  of  manga* 
nese,  I  passed  sulphuretted  hydrogen  to  renioTethe  popper,  and 
dien  concentrated  it  by  evaporation  until  itbepame  a  very  strong 
solution,  which,  however,  did  not  crystallize  wiien  cold.  Spirit 
of  wine  containing  80  to  90  per  cent,  of  alcohol  divides  the 
solution  into  two  parts,  the  lower  of  which  soon  deposits  crys- 
tals of  sulphate  of  manganese,  often  entirely  free  from  iron,  but 
sometimes  they  contain  a  very  slight  portion  of  it. 

Froui  the  pure  sulphate  of  manganese  above-mentioned,  I 
obtained  by  carbonate  of  potash  the  carbonate  of  manganese, 
which  yielded  me  all  the  different  oxides. 

I  tried  often  to  prepare  the  pure  metal  from  one  of  these 
oxides,  but  I  never  could  succeed.  I  exposed  it,  w  itli  chaicof^, 
to  the  heat  of  a  furnace,  in  the  china  manufactorv  lu  Copen- 
hagen, where  nou  melts  very  easily;  but  though  the  oxide  was 
reduced,  and  the  powder  in  the  crucible  dissolved  in  acids,  with 
the  evolution  of  much  hydrosren,  it  was  not  melted ;  and  whe- 
ther it  was  metal,  or  an  oxide  contaming  loss  oxygen  than  the 
protoxide,  I  was  notable  to  ascertain.  In  another  exj)eriment, 
when  i  exposed  it  to  the  heat  of  a  large  anchor-forge,  I  obtamed 
small  grains^ 

0x1  the  Protoxide. 

I  found  it  rather  difficult  to  obtain  a  protoxide  completely  free 
from  all  deutoxide.  The  usual  wajr,  by  heating  carbonate  of 
manganese  in  a  retort  full  of  carbonic  acid,  did  not  appear  to 
me  Tory  accurttte,  as  I  ne^er  was  able  to  obtain  a  carbonate  of 
protoxide  of  manganese  completely  free  from  all  deutoxide.  All 
tte  sdutions  of  piotoxkle,  if  they  have  been  exposed  to  tbe  ftba 
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contain  a  small  quantity  of  deutoxide  which  occasions  their  red- 
dish colour,  and  the  carbonate  beingr  obtained  from  them  of 
course  contains  the  same.  That  tlu-  r^;d  colour  of  the  solutions 
of  man[>anese  depends  upon  the  presence  of  deutoxide,  I  had 
an  opportunitv  of  observing  in  the  following  way  : 

In  my  j)aj)er  on  the  Acids  of  Manganese,  I  have  mentioned 
the  mode  m  which  1  decomposed  the  brown  compound  of  lead, 
manganese,  and  oxygen,  by  bisulphate  of  potash;  and  I  made 
use  of  the  same  method  for  ascertaining  the  quantity  of  oxygen 
combined  with  protoxide  in  the  deutoxide  and  peroxide.  I 
found  that  when  the  greater  part  of  the  oxygen  was  expelled  by 
the  combined  action  of  heat  and  the  bisulphate  of  potash,  the 
powder  was  entirely  dissolved,  and  formed  a  beautiful  transparent 
amethystine  coloured  solution,  which  still  yielded  oxygen,  and 
became  of  a  pink  colour.  The  expulsion  of  oxygen  did  not 
cease  until  the  melted  salt  in  the  retort  was  entirely  colourless, 
and  it  remained  so  when  cold.  A  solution  of  it  in  water  was 
colourless,  but,  when  exposed  to  the  air,  it  soon  acquired  the 
alight  pink  colour,  which  is  characteristic  of  all  the  salts  of  man» 
ganese.  This  experiment  proves  obviously  that  the  colour 
depends  upon  the  surplus  of  oxygen  combined,  with  the  protoxide, 
or  that  all  these  pink-colourea  solutions  and  salts  contain  both 
protoxide  and  deutoxide ;  the  latter,  howeyer,  only  in  very  small 
quantity. 

The  way  I  proceeded  in  order  to  obtain  pure  protoxide  was 
ihia :  1  filled  a  glass  tube,  open  at  both  ends,  with  deutoxide, 
and  heated  it  over  a  lamp  while  I  passed  hydrogen  gas  through 
it.  The  brown  powder  soon  changed  to  a  light  ydlow,  which 
colour,  while  the  powder  was  cooling,  became  white,  and 
the  cold  oxide  was  of  a  beautiful  light-green.  This  colour, 
•  however,  changed  in  the  air;  for  while  I  was  taking  the  open 
tube  to  a  pair  of  scales  in  another  room,  it  evidentiy  attracted 
oxygen,  and  its  colour  changed  into  greyish-green ;  and  when 
converted  by  combustion  again  into  deutoxide,  it  gained  five 
percent. 

There  is  not  any  reason  to  induce  us  to  suppose  that  in  this 
case  the  protoxide  had  been  reduced  to  suboxide  by  the  action 
of  hydrogen,  for  the  heat  was  very  gentle,  and  from  the  power 
with  which  the  metal  decomposes  -water  even  in  the  common 
temperature  of  the  atmosphere,  we  scarcely  can  expect  that  in 
so  slight  a  heat,  hydrogen  should  deprive  the  protoxide  of  a  pai  t 
of  its  oxygen. 

To  ascertain  the  quantity  of  oxygen  la  the  protoxide,  I  ana- 
lyzed the  sulphate  and  carbonate. 

I  heated  a  cert:nn  quantity  of  sulphate  of  manganese  to  red- 
ness, then  dibsolved  it,  and  r)iecipitated  the  sulphuric  acid  by 
nitrate  ot  barytes.  Five  grammes  of  perfectly  dry  sulphate  of 
manganese  gave  me  7  ^13  graoimes  of  sulphate  of  baryte^j 
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which  are  equivalent  to  2*7181  grammes  of  sulphuric  acid,  allow- 
in  n;  that  100  parts  sulphate  of  barytes  contain  34*35  parts  of 

sulpha] ic  acid. 

One  hundred  parts  of  sulphate  of  manganese  consist,  there* 
fore,  of 

Sulphuric  acid.   54*378 

Protoxide  Of  manganese  45*622 

100*000 

One  hundred  parts  of  protoxide  of  manganese  combine  with 
119*192  parts  of  stilphuric  acid,  which  contain  71*5155  parts  of 
oxygen,  and  thus  we  find  the  protoxide  of  manganese  constat- 
ing of 

Oxygen   23*8385 

Manganese   •  •  •  •  76*  1615 

ibo-oooo 

Or  100  parts  of  manganese  combme  with  31*29  parts  of  oxygen 
to  form  the  protoxide. 

In  another  experiment,  where  I  had  reason  to  suspect  that  the 
heated  sulphate  of  manganese  had  again  attracted  some  water, 
I  obtained  7-731  grammes  sulphate  of  Viarytes  from  five  grammes 
of  sulphate  of  manganese.  After  hdvinp:  precipitated  all  the 
excess  of  barytes  in  the  solution,  I  threw  down  the  manganese 
by  carbonate  of  potash,  and  having  converted  it  into  deutoxide 
bysCxposing  it  to  a  red  heat  in  an  open  vessel,  the  quantity 
obtained  was  2*480  grms.  I  shall  be  able  hereafter  to  prove, 
that  the  deutoxide  consists  of  92*4342  parts  of  protoxide  and 
7-6668partB  of  oxygen :  2*480  grms.  of  deutoxide  consist,  there* 
fore,  of^ 

Oxygen   0*18764 

Protoxide   2*29236 

The  sulphate  of  barytes  obtained  indicates  2  6555  grms.  sul- 
phuric acid,  which  combine  witii  2*29236  parts  of  sulphuric 
acid. 

One  hundred  parts  of  protoxide  of  manganese,  according  to 
this  experiment,  would  combine  with  115*90  of  sulphuric  acid; 
and  they,  therefore,  would  consist  of 

,  .        Oxygen  23*18 

Manganese  .%  76*82 

Or  100  parts  of  manganese  combine  with  80*18  parts  of  oxygen 
to  form  the  protoxide. 

I  several  times  heated  the  deutoxide  with  sulphuric  acid ;  and  by 
die  i^uantity  of  sulphate  of  manganese  thusobtained,  I  endeavoured 
tO'find  the  quantity  of  sidphuric  acid,  but  the  vapours  of  this 
acid  abrays  carrifid  off  some  sulphate  of  manganese,  which  was 
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Toe  snmlest  quantity  of  sulphuric  acid  whicn,  io  uuat  way,  t 
found  combined  with  100  parts  of  protbxide,  was  113  parts^ 
which  indicates  29*  19  parts  of  oxygen  as  combined  with  100 
parts  of  manganese  in  tne  protoxide.  Berzelius  finds  only  28'  10, 
which  certainly  is  too  little. 

From  the  purest  sulphate  of  manganese,  I  prepared  caibonate 
of  manganese,  avoiding  oxidation  as  much  as  possible ;  five 
grammes  exposed  during  a  long  time  to  a  red  heat  in  an  open 
vessel  yielded  2*803  parts  of  deutoxide  =  2'58776  protoxide. 

Two  decigrammes  of  the  carbonate  yielded  bv  muriatic  acid 
in  a  tube  with  mercury  2*175  French  cubical  incnes  of  carbonic 
acid.  The  weight  of  tne  carbonic  acid  at  a  medium  temperature 
and  pressure  is  0*0661  grm.  and  the  salt  contains  33*05  per 
cent,  of  carbonic  acid :  33*05  parts  of  carbonic  acid  contain 
24*036  parts  of  oxygen  ;  and,  therefore,  the  2*58775  parts  of 
protoxide  of  manganese  contain  0*6009  part  of  oxygen. 

One  hundred  parts  of  protoxide  contain,  according  to  this 
eixpehmeBt, 

Oxygen  «  23*22 

SlaDganese  <  ••«•••••  76*78 

100*00 

Or,  100  parts  of  manganese  combine  with  30*24  parts  of  oxygen. 
The  con^sition  of  the  acM^eial  carbonate  of  manganese 

l.t6«ofprptoxide....  61-765{?™-;|;^ 

1  atom  of  carbonic  acid.  33-05  -fo^mfi  "'"'^^l 

'  1 24*036  oxygen 


1 


atom  of  water.. .....13.520{,i:^gS^ 


98*325 


Itibere  was  a  loss  of  1*675^  which  I  imagine  consisted  of  waie^ 
9ol  cheoucally  combiiied  with  the  salt. 

Jkf  Jolaa,  of  Beilin^  from  150  grammes  of  crystallized  sulphate 
of  manganese  obtained  148*5  grms.  of  sulphate  of  barytes,  and 
jB3*2S  carbonate  of  manganese,  which,  when  calculated  after  my 
analyses  of  the  carbonate,  indicates  100  parts  of  protoxide  and 
118*43  parts  of  sulphuric  acid,  and  100  parts  of  manganese 
combined  with  31*03  oxygen,  to  form  the  protoxide.  It  seems, 
therefore,  as  if  some  number  between  30*18  and  31*29  is  the 
true  number  for  the  oxygen  combined  with  100  manganese  in 
the  protoxide.  '  * 

Qn  the  Deutoxide. 

•  « 

OOlottr  <rf  Ae  deutoxide  is  brown,  resembhng  that  of 
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deatoxide  of  iron,  but  rather  darker.  It  is  soluble  in  some  adds* 
Muriatic  acid  dissolves  it  whea  at  about  42^  Fahvenheik.  It  is 
necessary  that  the  muriatic  acid  should  be  veiy  strongi  and  the 
deutoxide  of  manganese  added  in  small  quantities  at  a  time,  in 
order  to  avoid  increasing  the  heat  of  the  liquid.  Thus  a  dark- 
brown  solution  is  obtained,  whichj^  in  a  temperature  below  41^ 
Fahrenheit,  may  be  kept  a  few  days  unaltered ;  but  when  exposed 
to  the  sunbeams,  or  to  any  increase  of  teinperatiire»  cUonne  is 
evolved,  and  muriate  of  protoxide  formed.  In  tbose  cases  wbere 
I  succeeded  in  charging  the  concentrated  muriatic  acid  Witlk  Si 
considerable  quantity  of  oxide  of  manganese,  tiie  proportiom^ 
seemed  to  me  to  be  such  that  when  I  c^strayed  tike  compounl 
by  heat,  I  obtained  chlorine  and  neutral  muriate  of  protoxide: 
the  experiments,  however,  oa  which  I  found  that  opmion  were 
not  yety  accurate.  When  the  muriatic  soluliioa  is  poured  into  a 
large  quantity  of  water,  a  mixture  of  deutoxlde  enct  peroxide 
thrown  down,  and  muriate  of  protoxide  remaina  fssotved.  Tho 
muriatic  solution  of  deutoxide,  eveii  when  no  cUorine  can  be 
discovered  b^  the  smdl,  acts  neatly  in  the  same  way  as  an 
aqueous  solution  ofchlorine,  metals  are  instantly  dissolved,  and 
an  adequate  portion  of  deutoxide  brought  to  the  state  of  protox- 
ide. Tartaric  acid,  when  thrown  into  such  a  solution,  instantly 
emits  carbonic  acid  gas  ;  and  sulphurous  acid  and  sulphuretted 
hydrogen,  when  in  contact  with  it,  instantly  form  bulphurio 
acid. 

The  sulphuric  acid  acts  neaily  hi  the  same  way  as  the  muriatio 
acid,  and  the  sulphuric  solution  of  deutoxide  has  tJie  sauie 
properties  with  respect  to  metals  and  vegetable  substances  as  the 
muiiatic  solution,  which  induced  Mr.  Giobert,  about  30  years 
ago,  to  believe  in  the  existence  of  an  oxygenated  sulphuric  aoid. 
Sulphuric  acid,  when  much  diluted^  decomposes  the  deutoxide 
and  forms  peroxide  and  sulphate  of  protoxide.  I  never  could 
obtain  a  mine  solution  of  deutoxide,  but  always  procured  lUtrate 
of  protoxide  and  peroxide. 

It  is  a  curious  fact  that  the  existence  of  this  deutoxide  has 
been  very  often  denied,  though  it  is  of  all  the  difi'tjrent  oxides 
of  manganese,  the  only  one  which  is  easily  obtained  in  its  pure 
state.  As  the  quantity  of  oxygen  found  in  this  oxide  seemed  not 
to  agree  with  the  rules  laid  down  for  the  relation  of  the  oxyc^en 
of  the  different  oxides,  it  was,  in  contradiction  to  all  its  proper- 
ties, supposed  to  be  a  compound  of  two  oxides ;  viz,  of  tlie  prot- 
oxide, and  a  deutoxide  which  does  not  exist.  This  oxide  is 
formed  by  the  combustion  of  the  protoxide  of  manganese  in  the 
oxygen  of  atmospheric  air,  was  observed  by  Schcele.  When  »• 
pure  protoxide  is  heated  in  the  air  .between  the  boiline  point 
of  water  and  that  of  mercury,  it  suddenly  begins  to  take  (ire, 
4md  bums  slowly  with  a  reddish  Ij^t*  This  only  takes  pl^fi 
when  the  protoxide  does  not  contain  carbonic  acid.  The  oa»* 
boilfil^,  wo^  heated  to  tb^  pame  temperaturef  and  under  the 
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■^6  circuDistances,  is  converted  into  peroxide  without  any 
yisible  fire.    I  believe  the  single  circumstance  that  the  brown 

deutoxide  is  the  result  of  combustion  without  the  interference  of 
any  other  substance  is  sufficient  to  prove  it  to  be  a  real  oxide, 
and  not  a  compound  of  two  diiierent  oxides.  It  would  be  suffi- 
cient in  my  ouinion  even  if  the  quantity  oi'  oxygen  iouud  in  this 
deutoxide  did  not  at  all  agree  with  that  of  any  of  .the  other 
O^jides.    I  shall  prove,  however,  that  it  does  aoTee. 

The  quantity  of  oxygen  in  the  different  oxides  of  manganese 
has  generally  been  ascertained  by  synthesis,  and  the  results 
have  been  very  different  indeed.  I  tried  the  analytical  method, 
and  at  least  found  the  results  consistent  with  each  other,  though 
differing  from  those  of  other  chemists.  I  have  already  described 
the  manner  in  which  I  conducted  the  experiment  with  bisulphate 
of  potash  ;  I  shall,  therefore,  liere  only  mention  the  result. 

Two  grammes  of  brown  deutoxide  gave  me  a  bulk  of  oxygen, 
which,  reduced  to  the  mean  tr  mperature  and  |uessuie  of  air,  is 
equal  to  5*3243  French  cubic  inches  of  oxygen,  whose  weight  \m 
P*)$13l(>603  gramme^  and  100  parts  of  deutoxide  consist  of 

Oxygen  .  ...  *   7'6668 

Protoxide  of  manganeit  92*4342 

100*0000 

92*4342  parts  of  protoxide  contain  70*403  parts  of  metal  and 
22*0312  parts  of  oxvgen;  and  it  is  obvious  that  22*0312  bears 
▼eiy  near  the  same  proportion  to  (22-0312  +  7-5658)  =  29-597 
as  o  :  4,  which  expresses  the  relative  quaatities  of  oxygen,  in  the 
protoxide  and  deutoxide. 

tbe  composition  of  the  deutoxide  is : 

Oxygen  ,  29-597 

M^gauese  ,   , .  •  70403 

100-000 

One  hundred  parts  of  manganese  combine  with  42*040  parts 
«f  o:^gen  in  order  to  form  deutoxide* 

9 

On  the  Feraxide. 

When  the  deutoxide  of  manganese  is  boiled  witb  pure  weak 
mtrie  acid,  a  part  of  the  oxygen  is  accumulated  in  one  part  of 
the  manganese,  while  the  rest  reduced  to  protoxide  is  dissolved. 
The  peroxide  thus  obtained  is  black :  it  is  insoluble  in  acids  and 
alkahes.  Acids  have  no  efiect  whatsoever  on  it,  unless  they  are 
capable  of  depriving  it  of  a  part  of  its  oxygen.  Alkalies,  when 
heated  slightly  with  it,  accumulate  the  oxygen  in  one  part,  and 
dissolve  the  manganeseous  acid  thus  formed ;  while  the  other 
part  reduced  to  deutoxide  remains  undissolved.  This  artiiiciid 
peroxide  is  a  conductor  of  electricity,  and  acts  in  a  galmii^ 
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pile  neariy  *in  die  same  way  as  the  grey  ore  of  mangaitese, 
which,  when  perfectly  pure,  is  in  its  chemical  properties  exactly 
aiiiiilar  to  it.  The  peroxide  which  I  obtained  by  the  exposure 
of  carbonate  of  manganese  to  the  air  at  a  temperature  or  abont 
500^  Fahrenheit  seemed  to  be  exactly  the  same,  when  purified  bj 
iieak  cold  muriatic  acid,  which  only  serves  to  dissolve  the  car* 
bonate  that  might  have  escaped  the  action  of  the  heat  and  air. 

Ten  grammes  oi  deutoxide,  when  boiled  with  nitric  acid,  gave 
4*7$0  of  peroxide,  which  contained  a  considerable  quantity  ot 
water;  two  grammes,  in  another  experiment,  gave(r935;  and 
one  gramme  of  the  fint  hyperoxide  gave,  after  a  long  exposure 
to  a  red-heat,  0*71  of  brown  deutoxide  ;  4-793  would,  therefore, 
have  yielded  3"40303,  which  consist  of  0'268466  oxygen  and 
3'144564  peroxide  of  manganese;  but  as  10  grammes  of  deut- 
oxide lose  0*75658  grumme  of  oxygen  when  reduced  to  prot- 
oxide, this  oxygen  must  he  combined  with  3'1445c3  gnns.  of 
protoxide,  in  order  to  form  peroxide :  3*14456  grms.  protoxide 
contain  0-74862  grm.  of  oxygen,  and  then  take  up  0*76658  grm. 
of  oxvgen  to  form  peroxide.  It  is  obvious,  therefore,  that  the 
peroxide  contains  twice  as  much  oxygen  as  the  protoxide,  and 
It  is  likewise  obvious  tliat  the  peroxide  which  I  made  use  of  for 
the  analysis  contained  a  small  quantity  of  deutoxide,  and  that  in- 
stead of  3' 403  03  gnus,  of  deutoxide  obtamed  from  the  peroxide, 
I  ought  only  to  have  got  3*3333  grms. 

The  composition  of  the  peroxide  is,  therefore. 

Oxygen  •   36*351 

Manganese  63-749 

■  ■  ■  /  ■  • 

100*000 

tad  the  artificifd  peroxide  is  a  hydrate  consisting  of 

Oxygen   •••••  16 

Manganese  •  30 

Water  ;   9 

The  analysis  by  bisulphate  of  potasli  gave  a  result  which  differs 
somewhat  from  the  above-mentioned  ■  for  one  gramme  yielded 
five  French  cubic  inches,  equal  to  0*1421  gramme  of  oxygen; 
while  i  ought  to  have  got  0*1679;  and  1  know  of  no  other  way 
to  account  for  it  than  by  the  loss  necessarily  produced  by  some 
fibres  of  the  paper  on  which  the  peroxide  was  collected.  The 
peioxide  adheres  very  much  to  the  filteimg  paper,  and  cannot  be 
removed  without  difficulty ;  and  any  coinbustible  matter  intro- 
duced into  the  retort  with  the  oxide  of  manganese  wontd  of 
course  produce  a  great  loss  of  oxygen. 

There  is  a  kind  of  (unde  produced  hy  the  action  of  moderate 
heat  on  the  nitrate  of  manganese,  its  colour  is  blackish-brown, 
iA  disBi^es  in  strong  munatic  acid  with  Boms  eflfenrescence. 
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Berxelius  takes  it  for  the  raal  deutoxide  ;  but  if  we  compare  the 
very  compound  action  of  nitric  acid  with  the  simple  effect  of 
combustion  in  atmospheric  air,  there  scarcely  can  remain  any 
doubt,  that  not  this,  but  the  first  mentioned  is  the  real  deutoxide. 

Two  grammes  were  by  a  strong  red-heat  reduced  to  brown 
deutoxide,  and  lost  by  that  0*061  grsQ,  This  oxide^  therefore^ 
cousists  of 

One  torn  of  pe«,ride  .  22.333  {  ^^^^^  "^^^^^ 
One  atom  ol'  deutoxide  77-677 

10(^000 
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Analyses  of  Books. 
PJUtrnuicopada  CoUegii  Medkorum  Edinburgemk^  1817, 

Although  this  edition  of  the  Edinburgh  Pharmacopoeia  ba9 
l^n  published  for  more  than  three  years,  yet  I  have  been  pr&* 
vented  by  various  causes  from  ofiering  the  observations  and 
experiments  which  I  have  made  respecting  it,  until  it  may  appeav 
quite  out  of  date  to  notice  it  at  all. 

I  am  perfectly  awai  e  of  the  distinguished  stations  in  science 
ivhich  many  of  the  Fellows  of  the  l^inburgh  College  occupy  ; 
^nd  it  is  requisite  only  to  remind  the  reader  that  Dr.  Hope  is  the 
President,  and  Dr.  Duncan,  jun.  one  of  its  Fellows,  to  render  it 
^certain  that  no  work  of  this  nature  can  have  appeared  withoi:Ut 
iiaving  excited  and  ensured  their  unremitting  attention. 

The  remarks  which  I  now  propose  to  offer  upon  this  work  wiU 
ibe  principally  confined  to  the  chemical  part  of  it,  occasionally 
maJun^  observations  upon  the  nomenclature ;  but  the  points  of 
^nor  importance,  sucn  as  the  arrangement  and  the  regulations 
edopted  as  to  weights,  I  shall  leave  untouched. 

Ijie  preparation  which  I  shall  first  notice  is  termed  acidum 
aceticum  forte ;  it  is  prepared  by  distilling  a  mixture  of  12  parts 
of  sulphate  of  iron,  which  has  been  dried  to  whiteness,  with 
10  parts  of  acetate  of  lead  in  a  glass  retort. 

The  first  objectior^  which  I  shall  state  to  this  process  is,  that 
the  quantities  of  the  salts  eiuployed  are  not  such  as  are  required 
for  mutual  decomposition.  Ten  parts  of  acetate  of  lead  require 
only  about  7*6  parts  even  of  crystallized  sulphate  of  iron  for 
their  decompositiuii,  and  of  this  quaulity  nearly  3*5  are  water; 
admitting  that  only  three-fourths  of  this  proportion  of  water  are 
dissipated  by  drying,  the  12  parts  of  dried  sulphate  of  iron  w  ill 
be  nearly  equal  to  16  crystallized  instead  of  7*5  only  as  required. 

•Sulphate  oi  iron  is  not  certainly  a  co&Uy  aiticie,  but  the  gcest 
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excess  renders  the  use  of  large  retorts  neeessaiyy  aad  Uuit 
greatly  increases  the  expense  of  the  operation. 

The  acetic  acid  actually  produced  scarcely  merits  the  name 
of  strong  "  by  which  it  is  described.  I  6uid  that  its  strength 
is  to  that  of  distilled  vinegar  only  about  as  three  to  one  ;  added 
to  these  objections,  its  odour  is  extremely  unpleasant  arising  from 
empyreuma. 

Another  circumstance  to  be  noticed  is,  that  there  is  left  in  the 
retort  a  mixture  of  sulphate  of  lead  and  peroxide  of  iron,  fiom 
which  it  is  very  difficult  to  clear  it  for  a  second  operation. 

These  difficulties  are  all  easily  remedied.  Let  the  acetate  of 
lead  be  decomposed  by  sulphate  of  soda;  the  sulphate  of  lead 
being  rejected,  crystallize  toe  acetate  of  soda,  and  decompose  it 
by  salpbinnc  acid.  The  acid  thus  obtained  is  not  at  aU  empy- 
remnatic;  the  sulphate  of  soda  left  in  the  retort  is  easily  dissdved, 
and  serves  for  a  second  decomposition ;  the  quantity  of  sulphub- 
ric  acid  required  is  only  2*6  parts  instead  of  the  6*4  parts  con- 
tained in  tne  sulphate  of  iron  directed.  It  is  indeea  true  that 
there  is  the  additional  process  of  crystallizing  the  acetate  of 
soda,  but  this  is  more  than  comprasated  for  by  omitting  the 
preparation  and  drying  of  the  sulphate  of  iron. 

Acidum  Muriaticum, — Equal  quantities  of  sulphuric  acid  and 
common  salt  are  directed  to  be  employed  in  the  preparation  of 
this  acid.  It  will  be  seen  by  Dr.  WoUastoivs  scale  that  the 
requisite  proportions  are  84  parts  of  acid  to  100  of  salt. 

Acidum  Nitrosum. — This  acid  is  directed  to  be  distilled  by 
decomposing  24  parts  of  nitre  by  16  of  sulphuric  acid ;  and  it 
may  be  remarked  that  the  product  is  not  stncLly  speaking 
nitrous  acid,  but  a  mixture  of  it  and  nitric  acid,  the  latter  being 
unquestionabiy  in  much  the  larger  proporLion. 

Without  denying  the  propriety  of  directing  two  processes  for 
obtaining  what  I  must  consider  as  really  and  essentially  nitric 
acid,  I  think  the  utihty  of  the  present  directions  is  more  than 
questionable.  Dr.  Wollaston  has  shown  that^  to  obtain  the 
whole  of  tiie  acid  from  nitre  in  the  state  of  greatest  concentra- 
tion^ it  is  requisite  to  employ  two  portions  or  atoms  of  sulphuric 
acid  with  one  of  nitre.  If,  however,  as  I  have  observed  in  my 
remarks  upon  the  London  PharmacopcEia,  one  portion  only  of 
sulphuric  acid  be  employed,  that  portion  of  nitric  acfld,  wbicli 
would  otherwise  be  lost,  may  be  condensed  by  passing  throai^ 
water. 

^  Cooeidering  Dr.  Wollaston's  statement,  and  my  own  on  expe- 
riments on  the  subject,  I  am  of  opinion  that  nitric  acid  ought  16 
be  prepared  either  by  the  use  of  one  atom  of  siripburic  acid^  or 
two  atoms.  The  Edinburgh  College  have  steered  exactly 
between  these  points;  but  their  reason  for  so  doing,  I  confess,  in 
not  to  me  at  aU  evident. 

I  pvt  into  a  retort  .  24  parts  of  nitre  and  .16  of  sulphuric  amdf 
fmd  earned  on  the  disttUation  as  long  as  nitric  acid  was  piodoceA* 

2  ^ 
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The  product  was  of  a  straw  colour,  evidently  containing  but  very 
little  nitrous  acid  ;  and  its  specific  ^pivity  was  1513,  instead  of 
1620|  as  stated  in  the  Pharmacopoeia.  It  weighed  11*5  parts  ; 
whereas  24  parts  of  nitre  are  capable  of  yieldiue  L7  parts  of  acid, 
provided  suf&cient  sulphuric  acid  is  employed  to  afford  water 
enough  to  condense  toe  nitric  acid.  That  this  is  the  case  is 
proved  by  the  experiment  I  am  now  relating.  Sixteen  parts  of 
sulphuric  acid  contain  three  parts  of  water;  and  it  will  be  seen 
by  Dr.  WoUaston's  scale  that  these  are  su£Bicient  to  condense 
only  8*8  parts  of  dry  nitric  acid  into  11*8  of  nitric  acid,  of  spe- 
cific gravity  16 ;  the  difference  between  actual  and  theoretical 
product  bem^  only  0'3  of  a  part,  which  is  as  little  as  can  well 
be  expected  in  experiments  of  this  nature. 

I  have  already  observed  that  the  acid  which  I  obtained  has 
(miy  a  straw  colour,  instead  of  a  red  one/ as  the  College  seem  to 
expect;  and  I  believe  that  whenever  the  acid  has  this  red 
coiour,  it  is  owin^  to  the  presence  of  common  sah  in  the  nttre^ 
the  cUorine  of  which  partially  decomposes  the  nitric  acid. 

Addum  Nitricum  is  directed  to  be  prepared  by  heating  nitrons 
add,  until  the  reddish  part  of  it  is  expelled.  If  pure  nitre  be 
made  use  of  in  the  first  preparation,  this  operation  is  totally 
useless  :  indeed  I  am  at  a  loss  to  imagine  any  utility  in  it,  even 
if  the  acid  were  as  red  as  the  College  seem  to  expect.  I  have  on 
other  occasions  remarked,  that  when  the  red  acid  is  diluted  with 
water  (which  it  always  is  before  it  is  used  either  internally,  or  as 
a  solvent),  that  the  diluted  acid  is  quite  pale.  If,  however,  the 
College  ^vish  for  pale  nitric  acid,  it  would  certainly  be  better  to 
adopt  the  London  process  of  using  equal  weights  of  nitre  and 
sulphuric  acid  :  this  method,  nlthoucrh  too  expensive  for  common 
purposes,  saves  the  operation  of  heating  the  acid  afterwards — » 
an  operation  attended  with  some  loss,  and  nearly  as  much  risk 
as  the  first  preparation  of  the  acid.  Added  to  this,  unless  the 
nitric  acid  be  condensed  by  water,  when  less  than  two  atones  of 
sulphuric  acid  are  used  to  one  of  nitre,  there  is  a  great  loss  of 
nitric  acid,  amounting  in  the  process  adopted  to  about  5^  parts 
out  of  17. 

Aqua  PolasS(r. — To  prepnrn  this,  six  parts  of  carbonate  of 
potash  are  to  be  rendered  cuustic  by  ei'^ht  piirts  of  hme.  The 
theoretical  quantity  of  hine  is  only  2^  parts  ■  four  parts,  there- 
fore, mstead  of  eight  would  have  been  more  than  suflicient. 
The  excess  occasions  waste  by  the  quantity  of  solntion  retained. 

Subcarbonas  Ammoniee, — One  part  of  muriate  of  ammonia  is 
directed  to  be  decomposed  by  two  parts  of  carbonate  of  lime. 
The  equivalent  quantities  are  nearly  94  of  the  carbonate  to  100 
of  the  muriate ;  it  must,  therefore,  be  admitted  that  one  part 
and  a  half  would  be  sufficient  instead  of  two*  The  excess 
requires  the  use  of  larger  vessels  and  more  firing. 
,  jiqua  Ammonia.-^ln  this  prepavation,  the  qoantily  of  lime  is 
uselessly  and  inconveniently  large,   Mmiate  of  ammonia  h 
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decomposable  by  very  little  more  than  half  its  weight  of  lime: 
the  quantity  ordered  is  once  and  a  half  its  weight.  1  hare  tried 
the  process,  and  found  it  extremely  inconvenient;  it  is  a  most 
pungent  operation  tu  mix,  as  liere  directed,  lime  and  muriate  of 
ammonia,  the  quantity  ol  liuie  beintz;  so  very  large,  much  delays 
the  getting  it  into  the  retort,  to  the  great  annoyance  of  the 
operator.  I  couiess  I  prefer  the  moditication  of  the  London 
process  of  1787,  which  I  have  recommended,  and  which,  with  a 
slight  variation,  the  London  College  have  now  adopted.  1  found 
the  specific  i^ravity  of  the  aqua  ammonias  of  the  Edinburgh 
Pharmacopoeia  to  be  0'936',  agreeing  very  nearly  with  their 
statement ;  viz.  0*939. 

Estimating  by  the  strength  of  the  products  merely,  the  pro- 
cess of  the  Edmburgli  College  is  more  economical  than  the 
London  in  the  proportion  ot"  lb  to  10.  A3,  however,  the  former 
order  the  large  quantity  of  lime,  which  they  employ  with  the 
muriate  of  ammonia,  to  be  made  red-hot,  the  retort  generally 
breaks  ;  and  as  this  does  not  follow  as  a  matter  of  course  in  the 
London  process,  I  consider  it  to  be  really  most  economical  j  and 
having  tried  both,  it  is  certainly  more  easily  managed. 

Tartras  Aiftimoniif  mcorrectlv  so  called,  instead  of  Tartras 
A^timonii  et  Potassae.  This  «alt  is  directed  to  be  prepared  by 
the  old  mode  of  boiling  crocus  of  antimony  in  a  solution  of 
tartar.  The  objections  to  this  process  I  have  stated  at  lengtk 
in  my  remarks  on  the  London  rharmacopceia.  I  shall,  there- 
fore, only  repeat,  that  it  is  an  extremely  mconYeni^nt  one  on  ac- 
count 01  the  difficult  solubility  of  the  crocus,  unless  it  has  gone 
ihiough  the  troublesome  process  of  levigation  or  elutriation. 

Carbwuu  Ferri  Pradpiiatus. — Four  parts  of  sulphate  of  iron 
.  are  directed  to  be  decomposed  by  five  parts  of  carbonSite  of  soda* 
Scarcely  4^  parts  of  the  alkaline  salt  are  requisite. 

Tartras  Potasm  et  Ferri. — ^This  salt  is  correctly  named; 
whereas,  as  already  observed,  the  potash  has  been  omitted  in 
the  chemical  name  for  tartarized  antimony* 

Acetas  Hydrargyria'— 'This  salt,  which  is  not  contained  in  the 
London  Pharmacopoeia,  is  directed  to  be  prepared  hy  dissolving 
three  parts  of  mercury  in  four  and  a  half  of  duuted  nitric  acid,  or 
in  a  little  more  than  is  required  to  dissolve  it*  This  solution  is 
to.be  decomposed^by  tluree  parts  of  acetate  of  potash  dissolved 
in  about  42  times  its  weight  of  water. 

It  is  of  importance  in  making  this  salt,  that  the  mercury 
.should  be  as  nearly  as  possible  in  the  state  of  protoxide,  other- 
wise but  little  acetate  of  mercury  will  be  obtained  ;  for  if  the 
peracetate  be  formed,  it  is  a  very  soluble  salt,  and  protoacetate 
only  is  deposited  in  crystals. 

On  this  account  i  do  not  see  why  the  College  has  ordered 
rather  more  nitric  acid  than  is  required  to  dissolve  the  mercury. 
The  excess,  which  in  this  case  amounts  to  about  one-ninth  part, 
is  extremely  Uable  to  l^e  decomposed  by,  and  to  convert  the 
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iMPCQiy  into,  pefolnde,  enpectatt^  if  heat  oosd  ;  and  then  Ae 
km  ^ick  I  nave  described  witt  eniuie*  It  is  quite  requisite 
that  the  acetate  cyf  potash  should  be  pure ;  if  it  cootaia  any  sul- 
phuric or  muriatic  salts,  the  fjrotoxide  of  mercury  iriU  be  thrown 
down  by  them*  The  salt  which  I  obtained  was  formed  by  using 
acetate  of  soda^  not  finding  the  acetate  of  potash^  usually  met 
with,  sufficiently  pure.  Seventy-two  parts  of  mercury  yielded  me 
only  29  of  acetate.  Upon  adding  muriate  of  soda  to  the  remain- 
ing solution,  I  obtained  some  calomel,  showing  that  tiie  solution 
should  be  evaporated  lur  the  furtlier  produciioii  of  acetate. 
After  this,  I  obUiuod  by  the  addition  of  soda  a  large  quantity  of 
peroxide  of  mercury,  as  will  be  readily  conceived  when  it  is 
observed  that  72  parts  of  mercury  gave  only  29  of  acetate.  A 
part  of  this  loss  I  aminchned  to  attribute  to  the  excess  of  nitric 
acid  already  noticed.  It  appears  to  me  that  acetate  of  lead,  but 
I  have  not  tried  it,  might  be  advanta^^^eously  used  instead  of  ace- 
tate of  potash.  It  must  certainly  be  free  from  sulphuric  and  mu- 
riatic salts.  After  what  I  have  stated  I  think  it  is  evident,  first, 
that  less  nitric  acid  should  be  used ;  secondly,  that  less  \M\ter 
should  be  employed,  or  the  solution  evaporated  to  obtain  more 
acetate  ;  thirdly,  that  the  peroxide  formed,  should  be  obtained 
by  precipitation  for  preparing  the  oxidum  hydrargyn  rubrum. 

Murias  Hydrargyri  Corrosivus, — Two  parts  of  mercury  are 
directed  to  be  boiled  with  two  parts  and  a  naif  of  sulphuric  acid, 
«nd  the  sulphate  ot'  mercury  resulting  is  to  be  decomposed  by 
four  parts  of  common  salt. 

I  haye  alreaify  noticed,  that  in  preparing  muriatic  acid,  the 
College  order  common  salt  to  be  decomposed  by  an  equal 
weight  of  sulphuric  acid,  a  quantity  unnecessarily  lar^.  In 
this  instance^  it  appears  to  be  supposed  that  the  remaining  por- 
tion of  two  parts  and  a  half  of  Bulpnurio  acid  which  the  sulphate 
of  mercury  contains  are  capable  of  decomposing  four  parts  of 
common  salt.  It  is  probable,  but  I  do  not  speak  with  cwtainty, 
that  at  least  2*75  parts  of  the  four  parts  of  salt  are  in  excess^  and 
totally  useless. 

Submurias  Hydrargyri  Precipitatus, -^In  order  to  prepare 
thby  equal  weights  of  diluted  nitrous  acid  and  mercury  are  to  be 
used  to  obtain  a  solsrion  of  protonitrate  of  mercury,  which  is  to 
%e  decomposed  by  muriate  of  soda.  The  quantities  of  acid  and 
mercury  appear  to  be  perfectly  well  apportioned,  scarcely  an 
atom  of  mercury  remaioing  undissolved.  In  this  case,  as  well  as 
in  that  of  preparing  the  acetate  of  mercury,  it  is  of  great  import- 
ance that  the  mercury  should  not  be  converted  into  peroxide  ; 
but  tlie  directions  are  singularly  inconsistent  with  each  otlier. 
Ill  pieparino;  the  nitrate  for  the  aet  t ate,  more  aeid  is  directed  to 
be  used  than  is  required  fur  di^suiviijg  tlie  lufcicurv.  In  jirepar- 
ing  the  nitrate  for  the  subiiuuiate,  the  orders  are  wiUi  more 
propriety  directly  reversed,  more  mercury  being  directed  to  be 
added  to  the  acid  than  it  is  capable  of  dissolving. 
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Even  however,  when  more  mercury  is  used  than  the  acid  can 
dissolve,  a  large  portion  of  peroxide  of  mercury  is  formed,  which 
may  be  thrown  down  by  an  alkali  after  the  precipitation  of  the 
calomel,  I  foiiiid  that  48  parts  of  mercury  gave  15  of  peroxide 
after  the  calomel  had  been  formed  and  separated, 

Oxidum  Htfdrargyri  Ciriereum. — Two  hundred  and  forty  parts 
of  calomel  are  directed  to  be  decomposed  by  as  much  lime- 
water  as  contams  about  180  parts  of  lime.  Kow  t\w  muriatic 
acid  yielded  by  the  calomel  employed  cannot  coinbme  with 
more  than  30  parts  of  lime  :  I  do  not  mean  to  say,  if  hrac-water 
be  used,  that  an  excess  is  of  no  importance  ;  but  I  think  that  in 
ike  quantity  nsed,  a  portion  must  during  ebullition  be  converted 
into  cazbonate,  and  mix  with  tlie  oxide  of  mercury  obtained.  It 
seems  to  me  that  potash  is  a  much  better  a&ah  than  lime  fdr 
this  purpose ;  being  so  readily  solable  in  water,  a  small  quantify 
of  the  solution  is  sufficient. 

Oxidum  Hydrargyri  RuLrum  per  Aeidum  Nitrkum. — This 
substance,  to  which  so  intolerably  long  a  name  has  been  given, 
is  prepared  by  first  dissolving  uiree  parts  of  mercury  in  fotir 
of  dilute  nitrous  acid«  As  I  have  already  noticed  that  mercury 
b  soluble  in  its  own  weight  of  this  acid,  and  that  some  peroxidCe 
is  formed ;  it  appears,  therefore,  that  on&-fourth  more  acid  is 
now  ordered  than  is  necessaiy*  The  decomposition  of  lihat 
nitric  acid  which  holds  protoxide  of  mercuiy  in  solution  is  sufflU 
cient  at  a  high  temperature  to  convert  it  into  peroxide* 

Suhtulphas  Hydrargyri  Flavtis  is  formed  b^r  boiling  together 
two  parts  of  mercury  and  three  of  sulphuric  acid.  In  preparing 
corrosive  sublimate,  the  proportions  are  two  df  tnetal  to  two  and 
8  half  of  acid.  In  one  case  the  acid  must  be  redundant,  or  in 
the  other,  deficient.' 

Acetas  Plumbi. — ^Prepared  by  dissolving  white  oxide  of  lead 
in  distilled  vinegar.  By  white  oxide  of  lead  is  meant,  I  suppose, 
carbonate  of  lead,  no  white  oxide  existing,  or  being  mentioned 
among  the  materia  medica.  Litharge  is  the  oxide  usually 
employed  by  the  manufacturers  of  sugar  of  lead. 

It  is  of  little  importance  to  notice  this  preparation,  because, 
while  it  can  be  bought,  prepared  as  it  now  is  in  purity  on  the 
large  scale,  it  wiU  always  be  preferred  on  account  of  its 
cheapness. 

In  concluding  these  observations,  I  wish  to  remark,  that 
although  I  have  scarcely  mentioned  any  proccs-ses  of  this  work 
with  approbation,  it  is  not  because  I  have  found  them  unworthy 
of  it :  on  the  contrary,  tliere  are  many  parts  which  I  can  recom- 
mend with  the  greatest  continence  to  those  who  may  in  future 
undertake  the  office  of  reforming  a  Pharmacopoeia. 
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Article  XIV. 

Proceedings  of  Philosophical  Societies. 

ROYAL  SOCIETY. 

Nov,  23, — letter  to  the  Prendent  from  the  Bad  of  Mortoii 
was  read,  commimicating  a  curioos  fact  in  natural  history. 

The  "EbA  of  Morton  had  received  some  years  since  a  male 
Qnagga  from  the  Cape  of  Good  Hope.  From  this  and  an  Ara- 
hiim  olood  chestnut  mkre  a  female  hybrid  was  produced,  which 
possessed  indications  both  as  to  colour  and  form  of  her  mixed 
Dreed.  In  the  possession  of  another  person,  the  same  mare 
'was  afterwards  bred  fiom  by  an  Arabian  horse;  the  result 
was  singular,  as,  although  it  had  the  general  appearance  of  the 
Arabian  breed,  it  bore,  in  several  redpects,  charitclers  which 
belong  to  the  Qua^ga,  such  as  stripes  and  marks  on  the  body, 
and  in  the  hair  of  the  mane. 

Nov.  30. — This  being  the  usual  day  for  the  election  of  officers 
for  the  ensuing  year,  the  iuliowmg  noblemeu  and  geulleiueu 
were  appoiuLed : 

President, — Sir  Huniphry  Da\y,  Bart. 
Trmmrer, — Davies  Gilbert,  Esq.  MP. 
Secretaries, — William  Thomas  firande.  Esq, 

Taylor  Combe,  Esq. 
Council. — Dr.  Ash. 

WiUiam  Blake,  Esq.  MA. 
Earl  Brownlow. 
Bishop  of  Carhsle. 
J.  G.  Children,  Esq, 
Sir  G.  Clerk,  Bart. 
H.  T.  Colebrooke,  Esq. 
J.  W,  Croker,  Esq. 
Charles  Hatchett,  Esq. 
J.  F.  W.  Herschell,  Esq. 
Sir  Everard  Home,  Bart. 
Capt.  Henry  Kater. 
J.  Flanta,  Esq. 
J.  Pond,  Esq. 
Earl  Snencer. 
Dr.  W.  H.  WoUaston. 
Dr.  T.  Young,  Foreign  Secretary. 
Dec.  7. — Sir  Humphry  Davy,  on  taking  the  chair,  in  a  short 
address  adverted  to  the  objects  of  the  Royal  Society :  he 
alluded  also  to  those  philosophical  associations  whose  objecta 
were  similar,  but  contined  to  particular  branches  of  science. 
The  present  state  of  the  sciences,  and  the  great  share  which 
the  Hoyal  Socie^  had  in  their  iiq>roTement^  were  next  pointed 
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out ;  and,  as  connected  with  chemistry,  be  recommended  the 
subjects  of  ilm^ruie^  and  the  fta^aiga^atim  .of  amnionia  .witii 

mercury. 

Dec.  14. — A  paper,  by  Mr,  Faraday  (communicated  by  tho 
Secretary),  was  read.  It  described  the  composition  and  proper- 
ties of  two  new  compounds  of  chlorine  and  carbon,  and  one  of 
iodine,  hydrogen,  und  carbon.  The  reading  of  this  paper  waa 
included  on  the  21st,  when  the  Society  adjourned. 

The  tirst  chloride  of  carbon  obtained  by  Mr.  Faraday  waa 
pKOcured  bj  actioff  upon  chloric  ether  with  chlorine.  Tha 
Bmriatic  acid  gas  loraied  by  their  mutual  action,  when  exposed 
to  the  sun's  rays,  being  repeatedly  expelled  by  the  introduction 
of  fresh  chlorine,  a  crystalline  substance  was  obtained,  which  is 
the  perchloride  of  carbon.  Mr.  Faiaday  then  details  a  method 
hj  wKich  it  may  be  obtained  in  purity,  and  it  then. has  the  foL* 
Imring  properties :  It  is  coLoMrless  and  transparent :  ks  smell  ia 
nther  aromatic,  somewbaJb  reaembling  that  jof  camphor*  Its 
iaate  is  very  slight ;  and  it  ia  nearly  twice  as  heavy  as  waJber. 
It  is  easily  pulverized  ;  when  sqratched,  it  has  the  appearance  of 
white  sugar,  and  it  is  of  about  tlie  same  degree  of  hardness  as 
this  substance. .  It  is  a  non-oonductor  of  electricity.  At  a 
medium  temperataie,  it  voletilized  slowly ;  at  320°  it  melts ; 
and  at 360°  it  ooils.  It  is  insoluble  in  water,  but  soluble  in  alcohol 
and  in  ether ;  it  is  not  readily  combustible  under  common  circum- 
stances ;  but  heated  in  pure  oxygen  gas  it  l)urns,  and  sometnnes 
brilliantly.  When  heated,  it  sublimes  in  a  cry.stalliiic  ihvxn,  and 
those  crystals  obtained  from  its  solution  in  ether  are  quadrangular 
plates.  It  appears  to  be  composed  of  three  atoms  of  chlorine  = 
.IOU'6,  and  two  atoiiis  of  carbon  =  11*4. 

It  is  soluble  in  oils,  both  volatile  and  fixed.  At  a  red-heat, 
but  not  below  it,  oxygen  acts  upon  it ;  ihe  electric  spark  did  not 
inflame  a  mixture  of  the  vapour  of  it  with  oxygen  even  at  about 
4U0°  Fahr.  nor  did  hydrogen  cause  any  change  in  it  under  the 
same  circumst  ances ;  but  on  passnig  them  through  a  red-hot 
tube,  decomposition  took  place.  Muriatic  acid  gas  was  formed, 
and  carbon  deposited.  Sulphuric  a«cid  does  not  appear  to  act 
upon  it  at  all.  The  metals  for  the  most  part  decompose  the  pev- 
chloride  of  carboo  at  high  temperatures.  Potassium  burns 
JbiiUiaQt^  in  the  vapour  of  it;  and  iron,,  tin^  &c.  combiiKS  with 
^>ohl4iRna^  and  deposit  theMcarbon. 

Whra  psLsaed  through  a  mUhpt  tube,  it  is  decomposed, 
isUorine  is  evolved,  and  the  protacbloiidfr  of  lOarbon  obtained^ 

PmiaehlmFidtf^' Ckirkm^ibh  is  fiwmed  by  heating  the  pev- 
^hbrifta  to  dttU  fodmess;  it  at  Snt  anbUam,  but  eveotnaUy 
chlorine  ia  evolved,  aod  the  proiOkqUendetlbrmed,;  and  being 
yyariiad  is  oomdliiiied  into  a  fluid.  By  repeated  distillationai 
it  Jt  yaicurod  |mfce%  €ie)ouTfos»  and  limpid,  and  possessing  tbe 
Misii ing  pro[»eitiea>.  Ite  specific  gravity  1*5626.  It  is  a  non- 
conductor of  electricity  j  its  r^fca^ve  fpvm^    verj  aearly  tl^t 
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of  camphor.  It  is  mcombastibley  except  in  the  flame  of  a  apiriU 
lamp,  and  it  then  yields  muriatic  add,  with  a  bright' yelkm 
flame. 

ft  remains  fluid  at  0^  of  Fahr. ;  heated  under  water  to  about 
1^^,  it  is  vaporized ;  and  while  the  temperature  is  continued^ 
remains  so.  When  strongly  heated  by  being  passed  over  rock 
crystal  in  a  ^lass  tube,  a  portion  of  it  is  decomDosed ;  and  car«* 
bon  is  deposited  in  the  tube ;  but  whether  this  decomposition  is 
to  be  attributed  merely  to  the  heat,  or  to  action  upon  the  ^ads, 
is  uncertain.  Like  tli^  perchloride,  it  does  not  unite  with  water, 
but  it  combines  with  alcohol  and  ether;  the  solutionis  bum 
-with  a  greenish  flame,  and  muriatic  acid  fumes  ara  percep* 
til^  evmved.  The  fixed  and  volatile  oils  also  combine  with  it. 
The  metals  act  upon  it  nearly  in  the  same  way  as  upon  the  per- 
chlorides  ;  potassium  acts  slowly  upon  it  at  common  tempera- 
tures, but  when  heated  in  the  vapour  of  the  protochluride, 
brilliant  combustion  ensues,  and  carboa  is  deposited.  Neither  ' 
nitric,  muriatic,  nor  sulphuric  acid,  act  upon  it,  and  it  does  not 
combine  with  alkaline  solutions.  Hydrogen  passed  through  the 
vapour  of  this  chloride  decomposes  it  at  a  high  temperature,  car- 
bon is  deposited,  and  nmriatic  acid  formed.  It  appears  to 
^consist  of  one  atom  of  each  oi  its  constituents,  or  33*6  clUohiie 
+  6*7  carbon. 

Mr.  Faraday  has  also  in  this  paper  given  an  account  of  a  triple 
cou)poiuid  of  iodine,  carbon,  and  hydrogen.  It  was  procured  by 
exposuig  iodine  in  oletiant  gas  to  the  solar  rays.  Crystals  were 
gradually  formed ;  no  hydriodic  acid  appeared  to  exist  in  the 
vessel ;  and  hence  olefiant  gas  had  not  been  decomposed,  but 
merely  absorbed  by  the  iodine.  The  triple  compouna  of  iodine*, 
^rbon,  and  hydrogen,  was  purified  by  potash,  which  dis- 
solved the  uncombined  iodine.  It  is  a  colourless,  ciystaUine, 
friable  body ;  its  taste  is  sweetish,  and  its  smell  aromatic.  It  is 
a  non-conductor  of  electricity.  By  heat,  it  is  first  melted,  and 
then  sublimes  unchanged,  and  condenses  into  crystals  whicli 
•are  either  tubular  or  pribmatic.  At  a  high  temperature  it  auflfera 
decomposition  with  the  evolution  of  iodine.  It  bums  in  tbe 
flame  of  a  spirit-lamp,  giving  iodine  and  hydriodic  acid.  It  ia 
soluble  in  etnerand  alcohol,  out  not  in  ^vater,  acid,  or  alkaline 
-solutions.  At  between  300^  and  400^,  it  is  decoinpoaed  in  siA* 
phttric  acid,  but  probably  by  the  mere  heat.  Mr.  Faradiiy  con-> 
eiders  this  substance  as  analogous  to  chloric  ether.  He  proposes 
to  call  it  hydrocarburet  of  iodine.  Mr.  Faraday  has  not  yet 
rocuied  an  iodide  of  carbon  ;  but  he  entertains  well-grounded 
opes  of  being  able  to  succeed  when  the  wi'a  laya  are  more 
powerful  than  at  this  season  of  the  year. 

On  account  of  the  extreme  unportance  of  the  facts  contained 
in  the  paper  of  which  1  have  now  given  an  outline,  I  shall  take 
the  earnest  opportunity  permitted  by  the  Royal  Society  of  laying 
the  whole  of  it  before  the  reader. 

»«  .  >  ■      •  ' 
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The  meetings  of  this  Society  were  resumed  oa  Nov.  3,  when 
4he  following  papers  were  read  : 

A  notice  accompanying  specimens  of  Lead  Ore  in  Toadstone, 
from  near  Matlock,  iierbyskire,  by  Charles  Stpkes,  Esq,  MGS» 

was  read. 

It  has  been  a  prevalent  opinion  that  the  vems  of  lead  ore 
which  occur  in  the  Hmestone  of  Derbyshire  do  not  traverse  the 
beds  of  toadstone  which  alternate  with  the  limestone.  It  appears, 
however,  from  the  mformation  of  Mr.  Tissmgton,  that  this  is  an 
error.  A  vein  had  been  worked  in  the  limestone  above  the 
toadstone  at  the  Seven  Rakes  mine,  and  abandoned  on  coming 
to  toadstone  from  the  general  idea  that  the  veins  were  cut  off  by 
it.  About  a  year  ago,  however,  some  miners  ascertained  that 
-the  Tein  continues  throa^h  the  toadstone,  and  it  is  noW  working 
with  profit.  Another  vein  in  the  side  mine  is  also  working  in 
the  toadstone. 

A  notice  of  fossil  plants  having  been  found  at  the  Col  da 
Balme,  by  H.  T.  de  la  Beche,  Esq.  MGS.  was  read. 

The  Col  de  Balme  at  the  head  of  the  valley  of  Chamouny^ 
.which  by  M.  Ebel  is  stated  to  consist  of  primitive  rocks,  is  com- 
|>Ofied  of  beds  of  clay-slate,  of  limestone,  and  of  a  few  thin  beds 
.of  sandstone :  these  seem  to  be  a  continuation  of  the  limestones 
which  are  remarked  in  patches  in  the  valley  of  GhamouOT,  and 
.which  probably  once  occupied  the  whole  length  of  die  valley* 

While  crossing  the  Col  de  Balme  in  the  autumn  of  1819^ 
M*  de  la  Beche  collected  specimens  of  the  lliin  beds  of  sand- 
alone  containing  vegetable  impressions  precisely  similar  to  those 
'which  are  ususfiy  found Jn  coal  formations.  He  also  procured 
at  Chamouny  some  specimens  of  clay  slate  found  on  the  Col  de 
Balme^  and  which  had  impressions  of  the  plants  of  coal  forma- 
tions covered  by  beautiful  white  talc  in  very  thin  laminae. 

The  "  Supplementary  Remarks  on  Quartz  Rock,"  by  Dr- 
MaccuUoch,  mGS.  were  read. 

A  further  examination  of  the  westward  of  Sunderland,  where 
gneiss  abounds  in  all  its  varieties  from  the  granite  to  the  schis- 
tose, has  enabled  Dr.  Macculloch  to  ascertaui  its  alternations 
with  quartz  rock.  The  latter  appears  sometimes  in  a  detached 
state,  occupying  the  sunmiits  oi  those  mountains  of  wliich  the 
chief  mass  consists  of  gneiss,  as  is  the  case  in  Ben  Stack,  and 
in  the  northernmost  Ben  More;  or  it  is  found  covering  extensive 
tracts  of  country,  and  occupying  the  lowest  as  well  as  the 
nighest  land,  as  in  the  instance  of  the  great  tract  from  Ben  lyiofe 
Assynt  to  Canasp  and  Curiach.  .  >. 

On  the  north  side  of  Glendhu,  the  bed  of  quartz  rock  is  about 
100  feet  thick:  it  ireposes  on  the  gneiss  which  extends  to  the 
.  western. sea>^  and  consists  of  ver;^  even  and  parallel  s^nUa,  of  an 
ciktremely  compact  variety*  This  mass  is  roUowed  by  a  similar 

■  t     4  ' 
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gneiss  to  that  which  lies  below  it,  and  in  crossing  the  rid^e  to 
Lochinore,  the  cjj^uurtz  is  again  iouud  on  one  of  the  infehor 

In  Ben  Ay,  Ben  Klibrigg,  and  other  ])arts  of  Sutherland,  there 
appears  a  gradual  transition  between  the  two  rocks  ;  tlie  gneiss 
•first  assuming  the  aspect  of  micaceous  schist,  which  then 
passes  into  a  micaceous  and  highly  schistose  quartz  rock^  and 
Ultimately  into  pure  auartz. 

In  many  parts  or  the  coast  of  Sutherland,  quartz  rock  is 
found  alternating  with  red  sandstone,  both  in  single  beds  and  in 
nountaia  masses.  The  same  appearances  are  observable  in 
Mveral  parts  of  Ross-shire.  The  quartz  rock  of  which  the 
entrance  of  the  eastern  side  of  Loch  Eribol  is  composedy  and 
Hrhich  is  remarkable  for  the  ma^itude  and  number  of  the  caven 
which  it  forms,  contain  pyrites  m  considerable  quantily ;  and  in 
consequence  of  the  decomposition  of  the  substance,  is  frequently 
stained  of  a  reddish  brown  colour  so  as  toresemUe  granite.  In 
this  neighbourhood  the  quartz  rock  presents  examples  of  comk 
derable  curvatures. 

In  the  district  of  Mar,  Dr.  M accuUoch  has  found  a  perpetual 
■alternation  of  gneiss  and  micaceous  schist  with  quarts  rock,  .and 
4ie  apparent  transitioa  between  the  two  is  so  perfect  that  wttlu 
out  a  minute  examination  of  the  fractured  rock,  it  is  impoesihb 
'to  determine  which  it  presents.   In  the  northern  parts  of  Abe^> 
deenshirci  this  aftsociation  is  less  common. 

The  last  conjunction  of  quartz  rock  observed  by  Dr.  Maceul* 
'loch  consists  of  a  repeated  alternation  with  micaceous  schist, 
chlorite  schist,  and  hornblende  schist.  This  series  extends  over 
a  considerable  tract  of  countr}'  in  a  regularly  stratified  manner, 
the  beds  of  the  different  rocks  rarely  exceeding  a  few  yards,  and 
often  being  only  a  few  inches  in  thickness. 

Quartz  rock  has  not  been  hitherto  found  to  contain  any 
i^ibedded  mmerais,  except  pyrites  and  garnets. 

Nov,  17. — The  "  Description  of  a  Visit  to  the  Nilghurries,  a 
Range  of  Hills  in  the  Coimbatoor  District,"  (East  Indies)  by 
J^athaniel  Kindersley,  of  the  Madras  Civil  Service ;  communis 
cated  by  B.  Babin^ton,  Esq.  was  read. 

Dec.  1. — A  letter  from  G.  Mantell,  Rsq.  accompanying  the 
drawing  of  a  fossil  vegetable  irom  the  Sussex  sandstone,  was 
read. 

This  specimen,  which  is, from  the  beds  of  sandstone  that  occur 
IP  the  Oak-tree  Clay  of  the  aouUt-eastcm  part  of  Sussex,  derives 
•diUtional  intflerest  from  the  circumstance  of  its  bein|^  asaoeiftte^ 
with  tiie  remains  of  the  Ichtl^osaurus,  and  of  some  species  ef 
Laceitaf  It  bean  a  closer  affinity  to  the  Eupketbias  than  to  anjr 
qther  recent  vegetable ;  and  it  strikingly  resembles  the'-ftoiji 
plants  of  the  gritstone  of  Derbyshire  and  other  places. 

A  paper  On  the  Valley  of  the  SuUeig  River  m  Ike  llinwlii)li  ^ 
^mmmimwi^,*''if  B.  T;  eofebraohe,  Esq.  VPQB.  wmi  MIA  ' 
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Tn  a  journey  undertaken  in  the  autumn  of  1818  by  Lieut. 
Gerafd,  accompanied  by  his  brother,  for  the  purpose  of  approxu 
mating  towards  the  extreme  height  of  Manabarover  by  baroire* 
tiical  measurement  of  the  bed  of  the  Sutleig,  a  variety  of 
specimens  illustrative  of  the  geological  structure  of  the  lower 
9Xkd  rakidle  valleys  were  collected,  but  ia  consequence  of 
the  many  difficulties  which  were  encountered  on  the  route,  and 
lha  accidents  which  happened  to  the  travellers  during  their  pro* 
pess,  this  series  has  been  rendered  less  perfect  than  it  otherwise 
would  have  been. 

The  banks  of  the  Sutleig,  in  the  lower  valley,  at  the  elevatiom 
of 2000  feet  above  the  level  of  the  sea,  are  composed  of  Umestone 
which  is  apparently  primitive.  The  general  incUnation  of  the 
strata  is  stated  to  be  10^  or  15%  and  the  direction  much  diversi* 
j^d.  At  Jaur^,  on  the  northern  bank,  hot  springs  issue  within 
two  or  three  feet  from  the  river.  A  thermometer  plunged  into 
eae  of  them  rose  to  130^  of  Fahrenheit ;  while  the  temperatnre 
of  th^  river  was  61^«  The  water  has  a  strong  sulphureous  smelly 
a&d  encrusts  the  pebbles  among  which  it  runs  with  a  yellow 
•ttbstance.  Limestone  seems  the  prevailing  rock  on  the  hills 
which  bound  the  adjacent  valleys.  Among  the  specimens  is  a 
stalactite  from  the  roof  of  a  cave  near  the  top  of  the  Carol  mouu* 
tain,  and  about  6500  feet  above  the  level  of  the  sea. 

fn  crossing  the  Himal  lyii  ^it  the  Bruauy  pass,  which  is  the 
route  of  communication  betweeu  the  tuuldle  valley  of  the  Sut- 
leig and  the  valley  of  the  Paber,  and  oi  which  the  extreme  alti- 
tude is  15,000  feet,  mica  slate,  gneiss,  and  granite  (some  of  the 
specimens  containing  garnets,  and  others  tourmaline),  were 
found  i  and  veins  of  quartz  and  mica,  and  quartz  and  hornblende^ 
are  observable  in  the  specimens  which  have  been  transmitted. 

Tht;  mean  height  of  the  Sutleig  near  to  its  influence  with  the 
Bespa  is  6,300  feet.  The  rocks  which  here  form  its  banks  are 
inclined  25^—30°,  and  dip  eastward  :  they  consist  of  granite, 
gneiss,  quartz  rock,  o-ranular  quartz;  quartz,  and  mica,  and  gra- 
nite with  hornblende.  Between  this  spot  and  Rispe,  from 
6500  to  9801)  feet  above  the  level  of  the  sea,  the  rocks  are 
chiefly  formed  of  a  whitish  crumbhng  granite.  The  Cailas,  or 
Biddang  mountains  on  the  south,  an  assemblage  of  pointed 
peaks,  covered  with  snow^  and  more  than  20,000  feet  in  height, 
wte  to  all  appearance  composed  of  the  same  kind  of  rock. 

Overhangmg  the  towivof  Marangis  is  a  mountain  of  clay  slater 
Upon  ity  at  an  elevation  of  12,000  feet,  heath,  juniper,  and 
pMseberry  bushes,  are  growing*  In  advancing  to  the  Tun^rang 
pass,  which  is  13,740  feet  above  the  sea.  rocks  formed  eniefly 
«f  compact  quartz,  with  chlorite,  were  observed.  The  pass 
ikifit  eachibited  elav  slate,  with  pyrites  and  ^lobular  mioal 

▲  few  milea  ftuthlHr  on,  granite,  gneiss,  mica  slatei  quartz  and 
Mim,  actiMtitei  with  quartz  and  ^psmets,  pYritas  in  quarts,  a 
Ulttsb-gt^  UoMtone,  with  whita  mnsandcalcaveow  tufi^  wefp 
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ftmnd.  Here  the  Btrata,  according  to  Lieut.  Gerard's  obsenration, 
run  north-west  to  southoeasty  and  dip  to  the  north-eaBt,  at  an 

angle  of  40°  or  45''. 

In  the  neighbourhood  of  Namptusangl,  the  bed  of  the  Sotleig 
18  8220  feet  above  the  sea,  and  consists  of  only  two  sorts  of  rock, 
viz.  mica  slate  and  granular  quartz,  with  imperfectly  crystallized 
hornblende.  At  its  confluence  with  the  lA  river,  me  banks  are 
composed  of  granite.  On  ascending  the  latter  stream,  the 
banks  were  found  to  exhibit  specimens  of  slate,  potter's  clay, 
marl,  or  loam  and  sand,  ana  stalactitic  carbonate  of  lime. 
Higher  up  the  same  river,  and  in  the  vicinity  of  Chan^o,  where 
fhe  bed  is  not  less  than  9900  feet  above  the  sea,  primitive  lime- 
stone, blue  and  likewise  greyish-white,  with  disintegrated  pyrites, 
were  found ;  also  mica  slate,  with  fragments  of  veins.  In  one 
instance,  white  quartz  with  mica,  hornblende,  and  garnet;  ia 
another,  actinolite,  with  quartz,  mica,  and  garnet. 

Between  Nam<ria  and  Shissk6,  where  the  survey  eastward 
terminated,  and  where  the  bed  of  the  river  is  liOOO  feet  above 
the  level  of  the  sea,  the  rocks  are  composed  of  granite,  with 
and  without  tourmaline  and  ganiets,  gneijis,  mica  slate,  compact 
quartz,  cyanite,  with  quartz  and  mica,  and  compact  felspar,  with 
hornblende. 

North  of  the  pass  of  the  Shisske-ghute  is  situated  the 
Tarhigang^  mountains,  which  Lieut.  Gerard  ascended  to  the 
prodigious  height  of  l9,4li  feet  above  the  level  of  the  sea,  and 
ivithin  two  miles  of  the  top,  which  is  estimated  at  22,000  feet. 
•  The  rocks  here  iie  ni  unmense  detached  masses,  heaped  upon 
one  Hnoliu  i  .  One  specimen  of  whitish  primitive  limestone,  and 
another  of  Lrranite,  with  tourmahne  and  garnet,  which  were 
found  at  this  station,  have  been  preserved. 

The  Rol  or  Shatul  pass,  over  the  Himalay  mountains,  by 
which  the  surveyors  returned  from  this  arduous  journey,  is 
nearly  15,000  feet  high.  The  rocks  at  the  summit  of  this,  pass 
Consist  of  gneiss ;  and  the  peaks  on  each  side,  rising  to  an.eleva* 
iion  of  nearly  3000  feet  more,  appear  to  be  formed  of  the  same 
inaterials.  On  descending  the  southern  side  from  the  Rol,  at 
the  height  of  l^yOOO  feet  above  the  sea,  toe  rocks  are  found 
generally  composed  of  gneiss ;  and  on  the  northern  side,  the 
prevalent  rock  was  ascertained  to  be  granular  quartz. 

Seeds  of  a  species  of  Campanula  were  gathered  at  the  eleva^ 
tion  of  16,800  feet  above  the  level  of  the  sea,  at  a  spot  where 
the  thermometer  at  noon  in  the  middle  of  October  was  27^  of 
¥ahr.  Shrubs  were  found  in  a  vegetating  state  at  a  still  greater 
Jittitude.  < 

Dec.  15*—^''  A  Notice  respecting  the  Cally  Copper-Mine  in 
Scotland,''  by  John  Taylor,  Esa.  "Measurer  of  the  Geoloff.  Soe« 
was  read*  lliis  mine  is  situated  near  Gatehouse,  a  small  town 
ia  Kircudbrightshire,  on  the  mail  road  from  Dumfries  to  Pwt 
FMiick.  Veiot  producing  lead  had  been  worked  there  for 
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several  years,  bat  the  existence  of  copper  was  not  suspected 
until  some  labourers  who  were  employed  to  drain  a  swampy 
piece  of  ground  near  the  top  of  the  hill  of  Cally,  discovered 
several  masses  of  a  rich  ore.  Tlic  mine  has  beea  bince  worked 
under  the  direction  of  a  company,  and  has  already  produced  60 
to  70  tons  of  copper,  w  orth  nearly  16/.  per  ton.  The  direction 
of  the  veins  which  rmi  east  and  west  of  the  shaft,  that  was  sunk 
to  the  depth  of  eight  fathoms,  on  the  spot  where  the  ore  was 
first  found,  and  seem  to  incline  together,  holds  forth  the  prospect 
of  a  regular  vein  in  depth 

The  ores  are  of  a  mixed  character,  containing  the  yellow  and 
coated  varieties,  with  some  green  carbonate. 

i\  paper  "  On  a  recent  deposit  of  Compact  Limestone,"  by 
Charles  Stokes,  Esq.  MGS.  was  read. 

.  On  examining  a  congeries  of  fragments  of  recent  corals  and 
abells,  supposed  to  be  from  the  Mediterranean,  portions  of  a 
compact  limestone  were  found  enveloping  and  encrusting  the- 
corals  and  shells ;  and  as  it  k  well  known  thftt  corals  cannot 
penetrate  substances  that  are  much  softer  than  compact  -lime* 
stoiie,  it  necessarily  follows  that  this  limestone  must  be  a  recent 
deposit.  One  of  the  corals,  discovered  by  a  fortunate  fracture, 
retains  all  its  beautiful  structure,  although  completely  imbedded 
in  limestone. 

'  An  extract  of  a  letter  from  Mr.  -Williaai  Jack  to  H.  T.  Cde- 
brooke,Esq.  VPGS.  dated  Feb  5,  1820,  and  communicated  bf 
Mr.  Colebrooke,  was  read. 

The  island  of  Penang  off  the  Malay  Peninaukis  entirely 
posed  of  granite,  var3^ing  in  the  fineneaa  and  coarBeneta  of  ita 
grain,  and  sometimes  in  containfing  hornblende.  In  the  island 
of  Singapore,  the  rocks  are  secondary,  the  principal  one  is  a  red 
sandstone,  of  which  the  strata  have  a  considerable  dip  to  the- 
south,  or  south-eastward,  and  which  changes  in  some  parts  to  a 
breccia  or  cbnHomeratc.  A  small  hill  near  the  town  is  com- 
posed  of  argillaceous  ironstone.  These  are  the  prevailing  mine* 
rals  along  the  eastern  coast  of  the  Peninsula ;  and  the  last 
mentioned  strata  appear  to  be  connected  with  the  alluvial  depo- 
sits ol'tin^  which  are  so  abundant  on  this  coast.  Thepruicipal 
mines  are  at  Saiengore  and  Pera,  where  the  tin  is  found  in  hori« 
zontal  beds  alternating  with  clay  strata,  and  so  pure  as  only 
to  require  to  be  washed  and  reduced.  Near  this  tin,  the  primi- 
tive and  volcanic  ranges  seem  to  meet;  the  former  descending  in 
a  south-eastern  direction  through  the  Malay  Peninsula,  and  the 
parallel  island  of  Sumatra,  from  the  Himalaya  range,  until  it 
koines  ni  contact  with  the  volcanic  series,  which  runs  from 
thence  nearly  east,  through  Java  and  the  chain  of  islands  that 
lie  off  ita  etustem  extremity.  . 
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Article  XV. 

'   SCIENTIFIC  INTELLIGENCE,  AND   NOTICES  OT  S0BfBCfT» 

CONNECTED    WITH  SCIENCE. 

L  TeUfarBarytuandSiroBltla^ 

B  i'^ytes  and  strontia  may  l>e  readily  distiaguished  from  each  other  b]f  th6 
following  process:  Make  a  solution  of  the  earth,  whichever  it  may  be,  either 

by  nitric,  mnnatir.  or  some  other  aciH,  which  will  fnnn  a  soluble  salt  with  it! 
add  solution  of  sulplmtc  ofsoria  in  excess,  filtpr,  aiid  then  test  ihe.  clear  riuid  bj 
subcarhoiiate  of  pota^ii.  It  any  precipitate  tails  dowu,  the  earth  was  stroutia; 
if  ihe  fluid  remains  clear^  it  wus  barytes. — (Juurual  of  ScienoD  and  the  Arts, 
?ol.  X.  p.  189.) 

II.  AmmmuacatAUim* 

M.  Anatole  HiflTaulthas  detailed  a  set,ofeipariments  made  apoo  ammoniiici^ 

alum.  No  analysis  of  this  >.alt,  he  states,  is  to  be  found  in  any  treatise 
chemistry.  He  observes  aiso  that  a  knowledge  of  its  composition  is  necessary 
to  make  an  exact  analysis  of  the  different  varieties  of  alum,  some  of  which  con^ 
tain  a  quantity  of  this  salt,  especially  those  which  are  not  manufactured  io 
irance.  liaviu^  puritied  the  ammoniacal  ulum  of  commerce  by  repeated  crysi* 
talUzaticHis,  s<t  as  to  free  it  trum  iron,  ti  was  dried  by  exnosure  CO  the  atr } 
IS  gr.  430  of  this  salt  were  first  gentiy,  and  afterwards  8tron{$(y,  heated  inta  \Am^ 
iiiia  crucible  f<»r  aa  hoar  and  a  half;  the  residuum  was  para  siliimina;  H 
weighed  1  gr.  603,  equal  to  1 1-944  per  cent.  On  repeating  the  experiment,  th^ 
alumina  amouateH  to  11  869  percent,  giviiig  a  mean  of  11*906  per  cexkU  ot 
nljimina  in  ammoniacal  alum. 

•  To  determine  the  quantity  of  sulphuric  acid,  a  solution  ot  (5  gr.  522  of  til© 
alum  was  decomposed  by  muriate  oi  bajytes;  the  sulphate  weighed  f  -OMp 
^  3  gr  864r  of  sulphuric  acid,  or  86"  104  per  eeaC  This  sipermMnt  on  xepe* 

ikion  gave  S5'991  per  cent,  or  a  mean  of  M^C. 

concludes,  that  iu  thft  ammoniacal  aliun  11*906  of  alumina  ar6 
combined  with  20-979  of  sul|»hunc  acid,  the  remainini;  9  06 P.  of  the  acid 
unitiu!];  with  3  898  of  aramuuia*  The  composition  of  ammomacai  alum  ho^ 
therefore,  states  to  be : 


Sulphalo  of  ammonia.    1^-961 

'  ^— aluudiia.^.   38  885 

Water.  ;   48-154 


100  000 

The  atomic  consUtution  of  this  salt  he  considers  as 

Ona  atom  of  sulphate  of  mnmoni^.  ......    7 1'6T  • .  iS'88& 

llifco  atoms oisulplMiteo£ahiiniun....*.  916-60  S8'8l6 

Twenty-four  atoms  of  water  960*88  «...  48*8'46l 


6^^-24  100*^ 

In  the  next  number  of  the  AnnaU  t  shiili  ^rohahly  state  the  results  of  sonii 
expert  !n  ei I  r  s  which  i  hsire  made  on  ahmi^  iucfaiding  the  amiMOmacAl  alum  nhmlk 
inentioued. 

HI.  Sulpkate  of  Indigo  (ua  Ttiito  determine  the  Strength  ofSokUimu  of  Oxy^ 

muruUeofLime, 

It  is  wolloknowfi  that  bleachers  who  employ  solution  of  oxymariate  (chloride) 
of  lime,  ara  in  the  practice  of  deCerminiug  its  strength  by  the  quantity  of  adwit 
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ftoiution  of  sulphnte  oFindipo  which  it  is  capable  of  disnhor^ng.  From  »Qnm' 
experiments  made  on  thib  i^uliject,  1  fiud  ihat  tiiis  test  is  nut  by  any  mesokB  tB% 
be  reiied  upon,  at  wtU  appear  by  the  Ibllowing  statemeat: 

I  prepared  tulntioiis  ol*  oiymttriato  »f  limftuid  salaluits  0f  iodigo  of  iimIi  % 
d^ree  of  stren^  that  equal  ineasitres,  when  miaed,  destroyed  the  colovrof  ij^ 
indigo.  I  liien  diluted  t  he  solution  of  oxymuriate  of  lime  in  the  ^nUowieg  f9M 
portions^  and  with  the  nnuexet'  results : 

One  mcawire  of  sdlutioD  of  oxyinun.ire  oflime, 

One  measure  of  water.    This  mixture  de&liuyed  tiie  colour  of  l^th  measua^ 
of  solution  of  indigo. 

One  measure  of  sotarion  of  oiymnriate  of  lnne» 
.  Three  measurea  of  water ;  deatroyed  thecolonr  of  1}  meesare  of  aolmiea  of 
iodigo. 

One  measure  of  solution  of  oxymuriate  of  lime, 

Sc  V  en  measuresof  water,    ihis  discharged  the  colour  of  i^^^  measure  of  soht* 
tion  oi  iiidii^o. 

It  appears,  theieiore,  that  by  mere  dilation,  the  discharging  power  of  ozym»* 
nate  of  lime  is  much  increased;  aii  equal  qtiautity  of  water  raising  its  pemw 
aa*-fifth,  three  times  its  balh,  oue*fiittrtb;  and  seven  tines  its  quantityy^ae* 

tenths. 

Dr.  flenry,  to  whom  I  mentioned  tliese  facts,  accounteci  fur  tliem  fif  Irefnem* 
ber  rightly)  by  suf^posini^  that  when  ihe  cdnceutrated  bchiium  (4  oxymuriate  of  ' 
lime  ii»  used,  the  suipituric  acid  of  the  suipiiute  of  ludigu  expels  a  portion  of 
ablorine  in  the  state  ufgaa,  and  which  has  ao  action  apoa  the  outoehng  maUer« 
I  think  it  is  worth  the  consideration  of  bleaeberi^  whether  some  cokiared-eoiiN 
tion  could  not  be  adopted  free  from  this  ambiguity;  for  it  must  be  evident  that 
the  bleaching  power  of  the  oxymuriate  is  not  accurately  expressed  by  that  of 
its  dl«.rhart^ifij]^  the  colour  of  sulphate  o(  mdi^o.  A  standard  solution  of  cocbi* 
ncnl  nijglit  l*e  marie  and  preserved  i^y  coimiuai  salt ;  at  lea*»t,  I  have  no  doubt 

omy  he  so  kept,  for  L  find  that  blue  ve^ecable  iufusion^  used  as  tests  for  acictei 
and  alkalies  are  very  perfectly  preserved  by  it. 

IV.  OntkeA^liMimi  4^  Ckromate  of  Lead,  to  SUk^  WoolUn,  LitiMg  and 

Cotton.  By  M.  J.  L.  Las?aigne. 

The  colouring  matters  which  were  formerly  fixed  upon  cloths  were  derived 
Itrora  organized  matter;  none  weri'  Mip^ilied  by  the  mineral  kingdom,  although 
80  neb  m  colouring  conibinauons  uualierahie  by  the  air;  and  it  is  only  withiu  a 
a  few  years  that  some  of  these  mineral  productions  have  been  applied  to  the  ait 
of  dyeing. 

ii.  Raymond,  of  Lyons,  was  the  fiiit,  who,  by  a  process*  equally  simple  nnd 
ingenious,  fixed  prussiau  blue  upon  sUk,  and  gave  to  tbe  art  of  dyeing  a  bril- 
liant and  unchangeable  colour. 

Last  year,  M.  Braconnot,  of  Nnnry,  hv  applying  suiphnret  of  arsenic  (orpi« 
ment)  to  cloths,  procured  a  yellow  colour,  but  less  durable  ihan  the  iuriuer. 

In  tlie  course  of  some  experiments  upon  chromate  of  lead,  I  succeeded, 
combining  ttiis  salt  with  all  cloths,  by  a  process  similar  to  that  which  M.  Bay* 
moiid  employed  fo  dye  silk  with  prussiate  of  iron. 

After  having  immersed  well-cleaned  skeins  of  silk  fora  quarter  of  an  lionrin 
a  weak  sokition  of  suhacetrue  of  lead,  I  tftok  them  out,  and  washed  them  in  a 
lai^e  quantity  of  water;  the  object  of  this  preparation  was  to  combine  thesiilc 
with  a  cenain  cj^uantity  of  subacetate  of  lead.  These  cloths,  thus  prepared, 
vera  afterwards  immersed  in  a  weak'eCitetkiiKaf  neatral  cbromate  of  potash,* 
tkfpMk  a  fine  yeUoM  cakior,  wbijobaoillhiued  fo  kmreaie;  bt  the  end  of  tea 
Miaales,  tim  eflact  ceased,  that  is  to  say,  the  skeins  of  sflk  had  received  the 
maxltrnmn  of  colour,  which  could  be  yielded  by  the  quantity  of  subacetate 

ieed  .wHh  which  th^.  wane  oombiaed  x  -they  were  then  washed  and.  •  diied* 

^'Th'e  s(?1«tion  of  nsdve  chromate  of  iron,  deeomposet!  by  mtntte'Of  fl0mil»^Ml4i 
fstnated  with  oitiic  acid,  may  be  employed  with  eqaai  advantage. 
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'C0kMir»  like  thciM  supplied  by  the  min'^nil  kingdom,  was  unalterable  by 

cxposnre  to  the  air;  fey  varying  the  proportions  of  sub-acctatc  of  lead,  aock 
cbrornate  of  potash,  tints  varvloc;  from  pule  to  deep  yellow  may  he  tibtaioed. 
'  The  same  process  is  appiical  ie  to  wooiien,  cotton,  and  linen ;  but  it  is  better  , 
to  digest  tbe^e  different  cloths  in  a  solution  of  aeetateof  lead,  heated  to  about 
180»  of  Fahrenheit. 

From  the  inconvenience  which  thie  colour  posiesws  as  well  as  the  former,  of 
beinn  partially  decomposed  by  soap,  I  am  of  opinion  that  it  can  beamployed 
mdy  fur  dyeing  8ilk.*^Ann.  de  Cbtra.  vol.  xv.  p.  7?.) 

V.  Proeettfor  procuring  pure  Zirconia, 

.  Powder  the  zircons  very  hue,  mix  them  witii  t^o  parts  of  pure  potash, 
and  heat  them  red  hot  iu  a  silver  crodble  for  an  hour.  Treat  toe  sobetanct^ 
obtained  with  distilled  water,  pour  it  on  a  filter,  and  wash  the  insoluble  part 
well ;  it  will  be  a  compound  of  zirconia,  silex,  potash,  and  oxide  of  iron.  Die^ 

solve  it  in  murintic  acid,  'and  evaporate  to  dryness,  to  separate  the  silex.  Re- 
dis«i<ilve  the  muriates  of  zirconia  and  iron  in  wafer;  and  to  separate  the  zirco- 
nia which  adheres  to  ihe  silex,  wash  it  with  weak  murisitic  acid,  and  add  it  to 
the  Folution.  Filter  the  ftuid,  and  precipitnte  the  zircotna  and  iron  by  pure 
ammonia;  wash  the  precipitates  well,- and  then  treat  the  hydrates  with  oxalie 
add,  boiling  them  well  together,  that  the  acid  may  net  on  the  iron,  retainiiig  it  in 
gulation  whilst  an  insoluble  oxalate  of  zirconia  is  formed.  It  is  then  to  be 
filtered,  nnH  tfic  dxnlate  washed,  until  no  iron  can  be  delected  in  tfie  wHter  that 
passes,  i  iif  e:n  ihy  oxalntc  is,  when  dry,  of  an  opaline  cohnir ;  after  being  well 
washed,  it  is  tu  be  deconiposcd  by  Iveat  in  a  platinum  crucible. 

Thus  obtained,  the  zircouiu  is  perfectly  pure,  but  is  not  affected  by  acids.  It 
Molt  be  re-aetCMt  oif  by  potash  as  before,  and  then  washed  until  the  alkali  i» 
removed.  Afterwards  dissolve  it  in  muriatic  acid,  and  precipitate  by  amroonia.- 
Thc  hydrate  thrown  dou  n,  when  well  washed,  is  penectly  pure,  aiftl  easily 
Milobleui  acids.--KMM.  Dubois  and  Silveira,  Ann.  de  Chiiii.  vol.  xiv.  p.  Ii0.> 

« 

I  ^^^^^^^^^^  ,    ..  I 

*  ■  * 

'     *  Article  XVI. 

NEW  SCIENTIFIC  BOOKS 

PREPARIlfO  FOR  POBLICATIOW .  * 

Shortly  will  be  published  A  Series  of  Questions  and  Answers  in  tbePractic® 
ofPhysic,  Materia  Medica,  $cc  written  f<tr  ihe  Use  of  Ciciulemen  preparing  for 
their  Lxaniiuation  at  Apothecaries'  liall.    By  C.  M.  Sydt  r,  Surypon. 

Mr  iirrowsmith  has  nearly  ready  for  publication,  A  jSIap  ot  liie  Constella* 
^ions,  in  two  large  sheets,  accompanied,  by  a  memoir. 

Shortly  will  be  published,  Ihe  Principles  of  Foreign  Medicine,  explained^ 
ilhistrated ,  and  applied  to  British  Practice.    By  J .  0 .  Smitli,  MD. 

Dr.  Kanishottom  has  neorly  ready.  Practical  Observations  on  Midwifery^ 
with  a  Selection  of  Cases. 

,  Dr.  Ayreis  pniitiii;  n  now  c(Jition,  with  additions,  of  his  Practical  Observa* 

lions  on  Disorders  of  the  Liver. 

*  •  JUST  pi:bli.«hEd. 

A  System  of  Chemistry,  in  Four  Volumes,  8vo.  By  Thomas  Tliorosoo,  MD, 
Ite^ius  Professor  of  Chemistry  in  the  University  of  Glasgow,  &c.  &c.  Sixib 
SdltiiHi|fwrjsed  and  corrected  throughout.    Price  3/.  bimrds. 

•  A  Distertatibn  on  the'TreatroeBt  of  Moridd  Local  Aflbcdoos  ef  the  N«mi» 
By  Joseph  Swan.   8vo.    tOs.  6d» 

An  Essay  on  the  Diagnosis  between  Eiyiipelaa«  PU^gpqom  and  EijlheiMi 
3y  C^oiSe  Kume  Weatherlieadi  MD.«  .#yo*  41.  -  i 
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Hie  PharmacofKBia  ofthe  Rojrat  College  of  PhjsicMOtof  Lontei,  1809,  lite-  * 
nllv  translated  by  George  Fred.  Collier,  Surgeon.   8vo.    10«.  6d. 

Elements  of  Chemistry,  with  its  Application  to  explaia -the  PhenoOMnaof 
Kature,&c.    By  James  Millar,  MD.    8vo.  12«. 

Sound  Mindyor  Contribiiiiuiis  lo  the  Natural  History  and  Physiology  of  the 
Human  intellect,    liy  J.  iiusiaiu.    Qvo.  7s. 

'  Practical  Tmtite  on  the  Diseases  of  the  Eye.  By  John  Vetch,  MD.  Sto 

A  Treatise  on  Mildew,  and  the  Cultivation  of  Wheat,  indndtng  many  AgjA* 

cultural  Hints.    By  Francis  Blaikie.    Is.  6d. 

The  Botanical  Cultivator,  or  Insfructions  tor  the  Management  of  Plnjits  cuK 
tivated  in  the  Hot-klouses  of  Great  Britain.  By  Hohertbweet,  1-L8.  8vo. 
10s.  Od. 

GrisenthwaiteV  New  Theory  of  Agricnltore,  in  which  the  Nature  of  Soils,, 
itc.  is  explained.   By  J.  C*  Corwen,  Esq.MP.  8to.  5s. 

View  of  the  Intellectnal  Powers  of  Man,  with  Observations  on  their  Cult»» 
vation,  adapted  to  the  present  State  of  this  Conntry,  8vo«  5s«  ^ 


Articx^  XVIL 

NEW  PATENTS. 

.  "WiUiaffl  Acraman,  Jan.  and  Daniel  Wade  Acraman,  of  Bristol,  for  iaiproye-^ 
xnents  in  the  processes  of  formi&g  the  matehals lor  manufacturing  chains  aa<i 
chain-cabics.    Oct.  16,  1820. 

Joseph  Main,  Esq.  of  Bagnio-court,  Newgate-Street,  London,  for  improve-^ 
ments  on  wheeled-carriages.    Oct.  SO. 

James  Richard  Gilmour,  of  Ring-street,  Sonthwark,  and  John  Bold,  of  Mill- 
pnnd  Bridge,  Surrey,  for  improvements  on  printing-presses. '  Oct.  SO. 

Thomas  Prest,  of  Chigwell,  Essex,  for  a  new  and  additional  raovement  to  a- 
vratch  to  enable  it  to  be  wound  up  by  the  pendant  knob,  without  any  detached^ 
ley  or  winder.    Oct.  20. 

John  Bickinshaw,  of  Bedlington  Iron  Works,  in  the  county  of  Durham,  for 
improvements  in  manufacturing  and  constructiuu  of  a  wruught  unuaileuble  iioa 
lau  road  or  way.   Oct.  93. 

William  Taylor,  of  Wednesbury,  Staffordshirit,  furnace-worker,  for  an  im*- 
proved  lurnaoe  Ibr  smelting  iron  and  other  ores.  Oct.  98. 
*      Tliompfinn  Pearson,  of  South  Shields,  foranimprovementO!i  rudder?.  Nov.  1. 

Henry  Lc%vi«»  Loheck,  of  Tower-street,  London,  for  an  improvement  in  the- 
prc>cess  ofmaking  yeast.  (Comnmtncated  by  a  foreigner  to  him.)    Nov.  1. 

Samuel  Wellman  Wright,  of  Upper  Kensington,  Surrey,  for  a  combination  in^ 
naehinenr  for  makiiy  bricks  and  tiles.  Not.  1. 

Peter  Hawker,  of  Long  Parish  House,  near  Aiidover,  for  a  machine,  instiVK 
nent,  or  apparatus,  to  assist  in  the  proper  performance  on  the  piano-forte,  or 
ether  keyed  instruments.    Nov.  1. 

Thomas  Bonsor  Crompton,  of  Farraworth,  Lancaster,  for  an  improvement  in 
drying  and  hnishmg  paper,  by  means  hitherto  unused  for  that  purpose.    Nov.  1. 

William  Swift  Torey,  of  Lincoln,  for  certain  improvements  in  drills,  to  ba 
•ai|xed  to  ploughs.  Nov.l. 

John  Winter,  Esq.  of  Acton,  Middlesex^  for  improvements  on  chimney<-capi^ 
and  in  the  application  thereof.    Nov.  7. 

WtUiani  Carter,  of  St.  Aenes  Circas,  Old-^tieet  road,  printer,  for  impreir** 
fiients  in  steain-eiigines.    Nov.  11. 

..Tluiiiias  Dyson,  of  Abbey  Dale,  Shetfield,  for  an  improvement,  or  improTO^ 
laents  of  plane  irons  and  tumisig  cbiseb.   Nov.  11.  .  .^^  ^  ^ 
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In  taking  the  mean  of  the  observations,  those  on  the  14th  and 
those  of  the  morning  of  the  16th  are  rejected,  being  so  great^ 
Md  it  is  remarkable  that  this  excess  continued  only  on  the 
billing  of  snow.  On  the  weather  clearing  up  prior  to  obeenrttm 
ttto  ttoon  variation  of  the  Idth,  it  had  decreased.  The  ndoa 
observation  of  the  20th  is  likewioe  rejected ;  this  iocroese  wai 
iHeoded  with  drizaling  rain. 
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to  S£,  and  coloured  «  brigjht  led  bf  SBtliog  tan.  2.  Bay  yery  fine:  night 
foggy.  3.  A  very  thick  fog  in  the  morning.  4,  5.  li oar-frost :  foggy.  6.  Fine. 
7.  PoimIx*.       Cloiidy.    9,  10,  11.  £ify^     \%  13.  Bniny.     14.  Cloudy:  wii^/s 
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of  their  lidiRcs,  which,  m  many  instances,  were  ubli^ail  to  [ic  led.  19.  Fine. 
SO4  Cloudy:  fine.  $1.  Very  iiiic.  9"^^.  Rainy.  23.  Morning  very  rainy:  a  rainbow 
•b^t  hidl^jpMt  one,  plm.    24.  Cioufly.    25.  line.    2&  Wa^   S1«  SI),  £9,  9fk 
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Article  I. 

BcmitAct  into  the  Mathematical  Principles  of  Chemieai  PUh^ 

.  sojjjii/.   By  J.  B.  Emmett. 

Radiation  of  Caloric.  ^ 

When  amass  of  matter  is  placed  in  a  heated  medium,  it,  for 
a  definite  length  ol  tiiiic,  is  receiving  heat;  i.  e.  each  particle,  aft 
weU  as  the  entire  mass,  l^y  prop.  6,  cor.  and  prop.  1 1,  by  aUract- 
ing  the  surrounding  c  uluric,  becomes  encompassed  by  a  caiontic 
atmosphere,  which  is  ot"  unituiiu  dtjiisily  in  each  part  of  the 
concentric  strata,  and  which  is  more  dense  than  the  atmosphere 
wliich  is  produced  bv^  exposure  to  a  medium  of  lower  tempera- 
ture;  during  this  tune,  the  surroiuiding  ftiediam  experiences  a 
iiminution  of  temperature  in  those  parts  which  are  in  the  vicinity 
of  the  cold  inass,  which  diminution  of  heat  continually  decreases, 
and  the  body  arrives  at  the  precise  temperature  of  the  surround- 
ing medium,  which  then  becomes  uniform  in  all  its  parts.  The 
reason  why  the  temperature  of  the*  body  and  of  the  medium  are 
umform,  aldiough  the  caloric  is  more  dense  in  those  parts 
which  are  near  the  ijpiass  of  matter  thah  in  the  more  remote,  ift 
evident ;  for  by  temperature  is  to  be  understood  the  tendency 
which  caloric  has  to  escape,  or  its  sensible  elastic  force  :  now 
the  increased  elastic  force  of  a  calorific  atmosphere,  arising  froA 
its  increased  densityi  is  in  part  counteracted  and  opposed  by  its 
tendency  to  the  attracting  body,  and  the  pressure  of  all  thp 
Mperior  strata;  its  sensihle  elasticity  must  be  precbely  th€ 
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same  as  that  oi  the  surroimdino;  calorific  medium ;  for  if  it  be 
greater,  caloric  will  flow  from  the  body  into  the  surrounding 
medium ;  if  less,  to  it ;  consequently,  when  a  mass  of  matter  is 
placed  in  a  heated  medium,  it  will  continue  to  absorb  caloric 
until  the  sensible  elasticity  of  its  calorific  atmosphere  is  precisely 
equal  to  that  of  the  surrounding  caloric ;  under  which  circum- 
stances both  the  body  and  the  medium  will  have  an  equal  effect 
upon  the  thermometer.  The  elasticity  then  of  the  caloric  only 
can  have  any  eflect  upon  the  thermometer;  for  whatever  be  the 
quantity  absorbed  by  the  body,  the  thermometer  will  experience 
me  same  degree  of  elevation^  whether  applied  to  the  medium^  or 
to  the  body  itself. 

Let  now  the  mass  of  matter  thus  heated  be  brought  into  a 
medium  of  lower  temperature :  it  is  now  evident,  prop.  6,  cor*, 
and  prop.  11,  that  the  sensible  elastic  force  of  the  calorific  atmo- 
sphere will  exceed  that  of  the  surrounding  medium ;  the  caloric 
will,  therefore,  have  a  tendency  to  diffuse  itself:  there  are  three 
different  circumstances  under  which  this  rnay  take  place. 

Cn!?e  1. — Suppose  a  warm  solid  to  be  brought  into  a  medium 
of  ;.ii;.^olute  cold,  in  vacuo,  and  entirely  beyond  liie  attracting 
force  of  any  other  form  of  matter ;  one  force,  viz.  the  elastic 
force  of  the  surrounding  caloric  being  removed,  the  calorific 
atmosphere  of  the  body  will  have  a  tei^lency  to  enlarge  its 
dimensions  ;  and  since  the  density  of  the  seveidl  concentric 
'strata  is  uiiiforni,  it  must  move  in  right  lines,  which  meet  in  the 
centre  of  the  body  (supposed  sphericaH,  which  radiation  of  heat 
will  continue  until  the  density  of  the  lower  strata  is  so  far 
jeduced  as  only  ju:  t  to  balance  the  pressure  of  the  superior  rare 
ones,  when  the  atmosphere  becomes  quiescent  in  ail  iis  parts  ; 
in  this  case,  therefore,  the  radiation  of  caloric  arises  entirely 
^om  the  motion  into  which  the  calorific  atmosphere  is  put  by 
the  removal  of  the  elastic  force  of  the  surrounding  caloric.  The 
caloric  cannot  leave  the  body,  since  there  is  no  other  form  of 
xnaU  r  by  which  it  can  be  attracted. 

Case  2.— -Suppose,  that  instead  of  being  placed  in  absolute 
cold,  the  warm  mass  of  matter  is  brought  into  a  jjiedium  having 
a  lower  temperature  than  that  to  which  the  body  was  exposed ; 
the  other  circumstances  remaining,  the  calorific  atmosphere  wiH 
.dilate  itself,  its  parts  moving  in  rt^ht  lines,  which  will  continue 
until  the  diminished  density  of  the  lower  strata  balances  the 
elasticity  of  the  surrounding  caloric,  and  the  pressure  of  its  own 
superior  strata,  .when  the  radiation  ceases*  hi  both  these  cases^ 
the  quantity  of  caloric  contained  in  the  atmosphere  of  the  body 
is  precisely  the  same ;  viz.  that  which  it  had  at  its  highest  tem- 
perature. 

Case  3. — Suppose,  in  addition  to  either  of  the  other  cases,  that 
jiiasses  of  matter  are  placed  within  the  caloiitic  atmosphere, 
liaving  a  lower  temperature  than  the  parts  of  the  atmosphere  in 
which  they  are  placed.   The  calorific  atmosphere  will  have  a 
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tendency  to  dUate  itself^  as  before,  and  at  the  same  time  its 
quantity  will  be  diminished  by  the  attractive  force  of  tlie  matter 
in  its  vicinity ;  the  atmosphere  can,  therefore,  only  become 
quiescent,  when  the  requisite  equilibrium  of  the  two  former  cases 
18  attained,  and  the  surrounding  bodies  have  arrived  at  the  tem- 
perature of  the  parts  of  the  atmosphere  in  which  they  are  placed* 
During  this  operation,  a  current  of  heat  must  flow  from  the 
heated  to  the  cooler  mass,  which,  at  its  several  distances  from 
the  heated  body,  will  have  the  same  density  as  the  equidisiant 
strata  of  the  atmosphere.  Hence  the  colder  the  body,  which  is 
absorbing  the  heat,  is  made,  the  more  rapidly  will  the  other  lose 
its  heat.  Also  of  bodies  equally  cold,  those  which  liave  the 
greatest  capacities  for  heat  cool  the  other  more  than  those  which 
have  less  capacity. 

Thetje  tliree  phenomena  explain  many  oi  the  primary  proper- 
ties of  radiant  heat.  When  bodies  of  equal  ma'j;intude  and 
fin^ure  are  heated  to  the  snme  decrree,  then  brou<:^ht  itito  a  cooler 
medium,  those  which  have  the  greatest  attraction  for  heat,  by 
prop,  ti,  cor.  will  be  surrounded  by  atmospheres  of  the  greatest 
density,  and  consequently  at  equal  distances  from  the  surface, 
will  cause  the  greatest  elevation  of  the  thermometer ;  if  black, 
and  generally  dark  coloured  bodies  be  supposed  to  attract  heat 
more  than  tnose  that  have  a  lighter  colour,  this  will  exactijr 
coincide  with  the  observed  phenomena ;  for  if  surfaces  equally 
heated,  and  of  equal  magnitude  and  form,  be  one  covered  wiu 
lamp-black,  another  with  red4ead,  and  another  with  tin-plate,  at 
equal  distances  from  these  surfaces,  the  effects  produced  upon 
the  thermometer  will  be  nearly  in  the  proportion  of  the  nnmoera 
100,  80,  and  12  (Davy's  Elements,  p.  209) ;  which  is  explained 
hy  supposing  the  attraction  for  heat  of  the  lamp-black  to  be 
greater  than  that  of  red-lead,  and  this  greater  than  that  of  tin^ 
plate.  It  appears  from  prop.  6,  cor.  and  prop.  1 1,  that  this  wiH 
not  be  the  order  of  their  several  capacities  for  heat ;  conse- 
qnently,  if  equal  and  similar  masses  of  tne  same  matter  be  equally 
heatea,  and  have  their  surfaces  diflbrently  coloured,  those 
which  have  the  darkest  colonr  will  part  with  their  heat  in  less 
time  than  those  which  are  lighter  coloured,  or  polished. 

The  cause  of  the  reflection  of  heat  may  * 
now  be  easily  explained.    Suppose  A,  fig.  1, 
to  be  a  heated  body  placed  in  a  cold  me- 
dium, its  calorific  atmosphere  tends  to  en- 
lar2:e  its  dimensions,  or  to  dilate  itself,  moving 
in  nglit  lines  from  the  centre  of  A.  If 
It  be  placed  in  the  focus  of  a  parabolic  mirror  B  C,  which  is  of 
iiucli  a  nature  as  to  have  feeble  attraction  for  caloric,  after 
impm<^ing  upon  this  surface,  it  will  rebound,  or  be  reflected  ;  and 
since  the  angle  of  incidence  is  equal  to  the  angle  of  reflection, 

the  property  of  the  parabola,  these  incident  calorihc  rays 
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..will  be  reflected  pantlld  to  each  other  as  B  ^^^^ 
MfidlupoD  anotbtf  siioilar  mirror  D  E|  whose  aada  coincides  with 
.  Aai  of  B  C,  they  meet  and  are  concentrated  in  its  focus  F :  if^ 
therefore,  a  thermoaieter  be  placed  in  the  focus      it  will  indi- 

.  cate  a  temperature  superior  to  that  of  the  surrounding  mediuniy 
which  process  must  continue  until  A  is  cooled  to  the  temperature 
ol  Uie  surrounding  medium,  when  tlie  radiation  ceases.  If  A 
have  the  tennjerature  of  the  suriounding  medium,  and  F  be  a 
cold  mass  of  matter,  as  a  frigorific  mixture,  A  will  experience  a 
dimumtioii  of  temperature,  which  j)h(  iiomeaoii  iias  otit-n  been 
absurdly  termed  the  radiation  of  cold,  and  is  produced  as  I'ol- 
lows  :  F,  havin^?;  a  temperature  below  that  of  the  sunuuiiding 
medium,  will  abs  ^rb  caluric  from  it,  until  the  tempLi  aturi  s  become 
the  same.  During  this  operation,  i  attracts  tosvaids  lU  centre, 
whicii  is  the  focus  of  the  mirror  D  E,  the  caloric  from  the  sur- 
rounding medium.  Now  it  is  easily  proved  from  the  principles 
of  mechanics,  that  the  particles  of  caigric  being  mutually  repel- 
lent, the  only  cays  that  can  impinge  upon  the  mirror  D  £^  so  as 
to  flow  in  succession  to  the  focus,  are  such  as  make  the  angle 
of  incidence  equal  to  the  angle  of  reflection,  which  property, 
.from  the  nature  of  the  parabola,  belongs  only  to  the  parallel 
.jays  B  D,  C  E,  8u5.  whence^  by  reason  of  the  attraction  of  F  for 
•/Ofdoric,  it  flows  from  the  parts  B  C,  &c.  in  parallel  lines  to  D  ]^ 
Jcc  and  for  the  same  reason,  that  the  equilibriun^  of  the  medium 
jnay  be  preserved,  must  flow  from  A  in  divergent  rays,  imping 
ifig  upon  B  G ;  wherefore  the  temperature  of  A  wfll  be  reduced. 

therefore,  A  be  a  delicate  thermometer,  it  will  indicate  a 
temperatttie  below  that  of  ibe  surrounding  medium.  These  twe 
fdienomena  of  the  radiation  of  heat  are  only  modificatioBs  of  one 

feneral  principle:  in  the  first,  the  caloric  is  put  into  motion, 
ecause  the  body  is  exposed  in  all  directions  to  a  medium,  hav- 
ing a  lower  temperatiu  e  thua  its  own ;  in  the  second,  to  a  medium 
which  is  cooler  ui  uidy  one  of  its  parts. 

If  the  miiroi  s  be  of  such  a  nature  as  to  absorb  a  considerable 
quantity  of  the  incident  caloric,  the  reliection  of  heal  is  in  part 
jdestroyed  ;  for  then  the  mirrors  become  heated,  and  instead  of 
reflecting  the  heat  in  parallel  lines,  or  to  their  foci,  the  caloric 
radiates  from  each  point  upon  their  surfaces,  as  from  a  centre  ; 
conht:(|iK  iiily  little  or  no  etfect  will  be  produced  in  their  foci. 
The  same  attains,  if  a  thin  transparent  lamina  be  placed  between 
th  em,  which  has  a  powerful  attraction  for,  and  readily  absorbs, 
the  incident  caloric,  which  explains  some  phenomena  which  ame 
when  plates  of  glass,  &c*  are  placed  between  the  mirrors. 

Crystallizalim* 

,  It  will  be  proper  fiiat  to  premise,  that  the  particles  wUdi 

Cnstitnte  a  regular  crystal  must,  at  some  previous  time,  haw 
en  separated  from  each  other,  either  by  the  repulsive  force  of 
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heat  alone,  or  by  the  agency  of  a  hquid  menstraum ;  and  it  is 
when  these  p  n  tides  agani  approach  fo  contact  with  each  other 
that  they  arrange  themselves  in  some  particular  and  determinate 
order,  in  consequence  of  the  operation  of  those  forces  whichr> 
have  been  investigated.  It  is  well  known  that  crystals  of  pre-- 
cisely  the' same  substance  assume  a  great  variety  of  estemat. 
forms,  arisiog  fi*oni  the  external  circumstances  under  which 
they  are  formed.  We  are  perfectly  ignorant  of  the  causes  which 
determine  the  external  figure,  and  we  can  only  expect  to  be  able 
to  show  what  external  forms  may  result  from  a  given  arrange- 
laeot  of  paiticles ;  and  it  is  manifest  that  any  external  figure 
may  result,  in  which  every  external  particle  is  m  a  state  of  per* 
raaaent  equilibrium,  or  quiescence,  which  may  easily  be  inves- 
tigated by  help  of  the  foregoing  propositions.  There  arOj 
however,  many  peculiarities  which  cannot  be  examined  until  th» 
nature  of  chemical  union,  and  the  structure  of  compound  bodies, 
have  been  investigated. 

Prop,  12.— If  any  number  of  equal  and  similar  particles, 
influenced  only  by  their  inherent  forces,  mutually  approaching 
each  other,  uituuately  come  into  contact,  liiey  vviii  be  symuieiri-- 
cally  arranged. 

Let  A,  B,  C,  D,  fig.  2,  be  four  ec^ucd 
spherical  particles  of  the  same  kmd, 
which  are  preserved  in  contact  by  the 
force  of  cohesion,  they  will  form  a 
parallelogram  (prop.  10).  Let  the  two 
E,  F,  approach  to  D,  C ;  they  will  join 
themselves  in  such  a  direction  that  a 
parallelogram  will  result,  which  is  equian- 
gular with  the  former ;  if  not,  let  them 
unite  differently;  and  by  prop.  10,  they  must  form  the  paral- 
lelogram C  B  E  F,  whose  major  diagonal  D  F  is  not  parallel 
to  that  of  A  B  G  D :  join  A  E,  produce  A  D,  and  from  E 
draw  E  G,  perpendicular  to  A  G.  If  A  E  represent  the 
force  with  which  A  and  E  mutually  attract  each  other,  it 
Dttty  be  resolved  into  the  two  A  G,  G  E,  of  which,  A  G  tends  to 
bring  E  into  contact  with  and  G  E  to  bring  its  centre  to'  the 
line  A  G ;  and  the  same  may  be  proved  of  the  particle  F;  whecs* 
fore  the  particles  £  and  F  wiU,  when  they  join  D  and  €,  have 
their  centres  in  the  straight  lines  AD,  ]d  produeed,  or  the 
two  parallelograms  being  equal  wiB  have  their  major  and  auaor 
diagonals  respectively  parallel  to  each  other, 

Cof .-rHence  ciTBtab  are  always  tamnaated  bf  atoaight  linea 
tndl  pkne  suffboes. 

Pnop.  13. — Cr^Btds  wiH  spBt  so  as  to  faaive  a  amoolli  fcaptow 
ojriy  in  the  directions  of  the  rows  of  particles^  and  tfafise  direo- 
titag  are  either  parallel  to,  or  make  a  determinate  and  constant 
•11^  with,  each  other. 


Digitized  by 


96  Mr.  Emmett  on  the  [Fbb« 

LetE  G  FH,  fig.  3,  be  a  parallelogram 
formed  of  symmetrically  arranged  particles ; 
if  split  in  the  directions  A  B,  or  C  D,  the 
surtace  will  be  smooth  and  plane,  for  the 
resutiog  force  of  cohesion  is  constant  in 
every  part  of  these  lines,  or  their  parallels, 
and  each  particle  has  to  be  separated  only 
from  one,  as  a,  c,  or  e,f;  but  in  any  other 
direction,  £  F,  each  particle  has  to  be  separated  from  two, 
as  a  from  b  and  c;  therefore,  the  fracture  cannot  proceed 
according  to  that  Une^hut  must  follow  those  directions  in  which 
it  meets  with  the  least  reslistance. 

Cor.  I. — Hence,  in  an  irregular  fracture,  all  the  irregularities, 
are  parts 'of  paralldograms,  having  the  constant  angles  E  G 
or  GF  H. 

Car.  2. — ^Hence,  by  continual  mechanical  division,  a  number 

of  nuclei  may  be  obtained,  which  are  all  equiangulai*,  and  which 
are  similarly  situated  in  the  original  crystal. 

Cor.  3. — Since  all  the  IVactiucs  of  crystals,  or  the  directions 
of  their  rows  of  particles,  are  parallel  to,  or  form  a  constant 
angle  with,  each  other,  every  base  of  a  cr}^stal  may  be  consi- 
dered as  a  parallelogram  which  wants  some  of  its  parts. 

Cor.  4.  — Since  any  number  of  such  bases  may  be  applied 
upon  each  other,  which,  by  prop,  10,  must  follow  the  same  law 
01  arrangement  as  the  bases,  every  solid  crystal  may  be  consi- 
dered as  formed  from  a  parallelopipedon,  similar  to  that  which 
is  obtained  by  the  mechanical  division  of  the  crystal,  by  remov- 
ing some  of  its  parts. 

We  may  now  proceed  to  examine  some  of  the  external  forms 
of  crystals,  and  the  first  part  to  be  investigated  is  the  construc- 
tion of  the  base,  or  that  surface  which  results  when  a  crystal  is 
split,  quite  through  its  thickness :  these  are  of  two  sorts ;  those 
which  have  some  of  their  sides  parallel  to  the  directions  of  split- 
ing,  or  to  the  sides  of  the  original  parallelogram,  and  those 
which  have  none  of  their  sides  so  posited.    Of  those  which  have 
some  of  their  sides  parallel  to  those  of  their  nucleus,  the  follow-^ 
ing  willbe  some  of  the  principal  varieties:  ABCD, 
fig.  4,  heinjg  a  parallelogram,  composed  of 
particles  which  are  regularly  arranged,  £  F  and 
G  H,'  which  are  parulel  to  its  sides,  are  the 
directions  of  splitting,  by  prop.  13 :  the  paral- 
lelogram is,  therefore,  one  ngure  which  the 
base  of  the  crystal  may  assume.   If  the  part 
A  B  C  be  removed,  the  external  figure  A  D  C  is  a  triangle, 
whose  angles  are  D  =  smaller  angle  of  the  figure ;  and  D  A  C, 
D  C  A,  each  equal  to  half  the  greater  angle  :  or  if  B  C  D  be  ' 
removed,  the  resulting  triangular  base  has  the  angles  A  B  D, 
A  D  B,  each  equal  to  half  the  smaller  angle  of  the  nucleus,  aad 
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A  the  larger  angle.    Each  of  these  wiO  split  into  a  number  of 
smaller  parallelograms,  in  lines  parallel  to  E  F,  G  H ;  and  since 
the  smallest  visible  portion  of  such  a  crystal  is  a  parallelogram^ 
equiangular  with  A  B  C  D,  having  its  sides  parallel  to  the  sides> 
A  B  and  B  C,  either  of  the  crystals  A  D  C,  D  A  B,  may  be  con- 
sidered as  formed  of  such  parallelograms,  in  which  constnictioa 
we  observe  the  law  of  decrements  of  Haiiy.    If  a  smaller  tri- 
angle, I  B  K,  be  removed,  the  resulting  figure  is  an  irregular 
pentagon,  A  EK  C  D,  of  which  D  is  the  less  angle  of  the  paral- 
lelogram A  and  C,  each  equal  to  the  greater,  A  I  K,  E  K 
each  equal  to  the  smaller  +  half  the  greater  :  or  if  a  triangle 
less  than  D  C  B  be  removed,  there  results  a  pentagon,  of  which 
the  angles  are  the  reverse  of  the  above.    If  the  triangles  £B 
L  D  M,  be  removed,  the  resulting  iigure  is  an  irreguli^ hexagon,, 
of  which  the  angles  A  and  C  each  equal  the  greater  angle  of  the 
paraUelogram,  and  the  other  angles  each  equal  the  less  +  half 
the  greater.    Other  hexagons  may  be  formed  by  ijeaioving^ 
instead  of  the  above,  both  the  adjacent  angles,  or  one  of  the 
above,  and  one  of  the  adjacent  ones.   If  all  the  four  be  removed^ 
we  have  an  irregular  octagon ;  and  in  the  same  manner,  several 
other  figures  may.  be  formed,  as  trapezia,  &c.   The  other  clas» 
of  the  bases  of  ciystals  are  the  most  abundant  in  nature :  of 
these,  the  following  are  some  of  the  prin«  ^ 
dpal  forma:  A  BC  D,  fig.  5,  being  the        a     t  /l-  b 
parallelogram,  if  four  triangles,  E  B  H, 
H  C  G,  Sec.  be  removed,  so  that  the 
straight  lines  EH,  H  G,  &c.  all  meet 
each  other,  since  the  particles  are  all 
equal,  the  resulting  figure  E  F  G  H  is  a 
rectangle,  by  the  nature  of  the  rhombus  ; 
and  its  directions  of  splitting  will  be  pa- 
rallel to  I  K,  L  My  as  before  :  this  form 
often  occurs  in  nature.     In  all  the  above  fonns,  the  sidea 
of  the  crystal  have  been  parallel  either  to  the  sides  or  the 
diagonals  of  the  original  parallelogram;  but  there  remains  a 
variety  of  forms,  in  vvnich  this  is  not  the  case,  of  which  the  fol- 
lowing is  an  example  :  A  B  C  D  being  the  parallelogram,  an. 
irregular  hexagon,  a  b  c  de  f,  may  be  formed,  and  besides  this,, 
a  great  variety  of  quadrilateral,  pentagonal,  hexagonal,  &C.. 
figares  after  the  same  laws  of  decrement,  in  all  which,  every 
extemal  particle  is  one  of  an  entire  elementary  parallelogram ; 
consequently,  prop.  10,  in  a  state  of  permanent  quiescence.  In: 
all  the  above  varieties,  it  is  evident  that  these  bases  can  only  be 
split  into  equiangular  parallelograms ;  and  hence  every  fona 
may  he  derived  immediately  from  that  figure,  by  circumscribing 
each  circle  by  a  parallelogram  similar  to  A  B  C  D,  and  having 
their  conesponding  sides  parallel. 
In  the  same  manner  we  may  proceed  to  examine  the  airucture 
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of  solid  crystals,  which  are  evidently  formed  by  the  application, 
of  the  above  bases  upon  each  other ;  and  in  this,  the  particles 
follow  the  same  order  of  arrangement  as  in  the  bases  themselves. 
Thus  in  fig.  3,  by  the  application  of  a  number  of  equal  and 
sfanilar  bases  upon  each  other,  is  formed  a  rhomb  :  if  the  bases 
decrease  continually  inmagnitude^  the  resulting  figure  is  a  qua- 
drilateral pyramid.  From  fig.  6,  results  the  cube,  quadrilateral 
prism  havmg  equal  sides,  or  the  octohedron :  from  fig.  5,  the 
Aexagonal  prisms  and  pyramids.  The  reason  is  now  evident 
lAxf  the  bases  of  different  crystals  are  so  variously  inclined  to 
fteir  sideSi  for  the  base^  which  is  obtained  by  splitting  a  crystal 
entirely  through  its  thickness,  is  evidently  formed  the  union 
of  regular  rows  of  particles,  prop.  13 ;  so  that  having  given  the 
angles  of  the  nucleus,  its  position  in,  and  the  number  of  sides  o^ 
the  crystal,  it  is  easy  to  determine  its  entire  structure.  It  is 
obvious  that  what  has  been  said  applies  only  to  crystals  of 
simple  matter,  or  such  ^compounds  as  consist  of  particles  which 
have  the  same  magnitude.  When  the  nature  of  combmalioii  has 
been  examined,  a  still  more  numerous  class  of  external  forms 
will  be  exhibited,  which,  together  with  the  former,  will  compre- 
hend almost  every  variety  found  in  nature,  by  the  arrangement 
of  spherical  particles  only.  It  may  be  objected,  that  tlie  angles 
of  crystals  should  undergo  a  change  by  the  apphcation  of  heat : 
we  must,  however,  recollect  that  in  the  elementary  parallelogram  - 
the  smaller  angle  is  just  60°  at  the  alisolute  zero  of  temperature, 
in  a  simple  substance,  and  90°  at  most,  when,  on  the  point  of 
fusing ;  therefore,  only  a  very  small  change  can  be  expected  by 
e^en  a  very  considerable  variation  of  temperature  ;  yet  from 
certaiji  experiments  that  I  have  made  on  this  subject  with  some 
liighly  infusible  matters,  it  is  evident  that  this  change  does 
really  take  place;  bat  from  the  great  differences  which  exist  in 
the  cohesive  force  in  the  several  parts  of  the  same  crystal,  the 
efiect  is  considerably  irregular.  The  results  of  these  experi- 
ments will  appear  at  a  future  opportunity. 

We  may  now  see  the  reason  why  alum,  most  of  the  metals, 
and  some  other  substances,  which  are  formed  in  masses  desti- 
tute^  of  any  symmetric  appearance,  by  slow  solution,  &c.  prebcnt 
an  internal  crystallization,  as  has  been  ftdly  proved  oy  the 
researches  of  Ar.  Daniel.  « 

iTo  be  coniinued*) 
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Article  IL 

I^phnidtion  of  an  Apparatus,  sugs^estedbi/  CoL  1  «/e,  for  disr/iarg^ 
Uig  Ordnance,  upon  Air,  Forci/lh's  Plans  and  au  Account  of 
sofne  curious  Experiments  performed  yoith  it.^  By  Mr.  John 
Deuchar,  Lecturer  on ChemMtry  in  Edinburgh.  (With^  Plate.) 

It  is  proposed,  in  the  present  paper,  .first  to  explain  an  appa^ 
ratus  <ome  time  aa;o  suggested  by.  Col.  Yule,  for  applying-  Mr. 
Forcytii's  plan  to  the  discharj^e  oi*  ordnance,  without  either  the 
use  of  a  liglit,  or  the  usual  prune  ;  and  secondly,  to  give  a  very- 
brief  accQttot  of  sevej:^!  expehmentfi  whick  i  Wye  perforuieclt 

with  it.  : 

(I.)  The  apparatus  has  first  to  be  noticed ;  it  is  very  simple. 
It  consists  of  a  thick  brass  tube  (see  Plate  III),  fig.  I,  A  B, 
16  inches  long,  which,  is  meant  to  represent  the  touchhole  oC 
the  gun ;  the  diameter  the  bore  of  this  tube,  ^p-^  is  about 
the  18th  or  20th  part  of  an  inch;  it  terminates  at  the  top,  A,  in 
t  cup,  fig.  d,  stt  the  bottom  of  which  the  bora  of  the  tube  ]» 
diviaed  into  three  very  small  holes,  iig.  4,  to  prevent  the  powder 
Ming  into  the  wider  tube :  into  this  cup  djidut  one.gnuA  of  the 
new  composition,  afterwards  alluded  to,  is  |>ut,  when  lite  appa-> 
istns  is  to  be  used.  At  the  top  of  the  apparvHis  is. a  bar  of 
tiraBs,  C  D,  which  at  the  one  end,  D,  tnms  upon  a  joint,  and  at 
the  other,  C,  is  supphed  with  a  cap,  in  the  centre  of , which  is  a 
steel  projection  or  nammer,  fig.  2,  e;  the  cap  covers  the  whole 
of  the  raised  part,  A,  at  the  top  ofthe  tube,  A  13  ;  and.  the.  ham- 
mer nearly  fits  the  cup,  fig.  3,  d,  and  is  made  to  strike  fiat  upon 
the  bottoiu  of  it,  fig.  4,  d.  Between  the  joint  of  the  bar,  D,  and 
the  top  of  the  tube,  A,  is  placed  a  piece  of  cork,  I,  or  any  oilier 
elastic  substance,  to  prevent  the  steel  hammer,  e,  coming  too 
close  upon  the  composition  before  it  is  struck,  and  to  make  it 
spring  back  again  after  the  discharge.  The  apparatus  is  united 
at  the  top  by  a  frame  of  brass,  G  H,  which,  to  prevent  its  being 
injured  by  the  firing,  i&  screwed  upon  another  trame  of  wood, 
E  F.  The  tube,  A  B,  screws  into  four  pieces  ;  and  it  was  into 
the  hollows  left,  a^  the  joinings  of  these,  a,4i^  andic«  by  only  half 
screwing  tliem,  that  the  dififerent  substaaoes.  we  pat  which  ara 
Mtieedm  the  esperimenttf. 

^^^^^^  ■! 

Explanation  of  Plate* 

^ig.  K  tepfesents  the  whole  spparalus  on  a  scale  of  4-.10tha  to 

I  inch. 

Fig.  2,  gifeft  a  section  of  the  cap,  C,  and  steel  hamnier^  ^ 
«)w  alril^  i^oa  Ibe:  powder  at  Im  top 

dwWiOMiilaNilriiiinsloqrtaiB^,  Ike.  1%  laso. 


Digitized  by  Google 


90  Mr.  Deuchar's  Explanaiion  of  [Feb. 

Fig.  3,  ^ves  a  section  of  the  top,  A,  of  the  tube,  and  the  cup, 
d,  for  holding  the  powder. 

Fig.  4,  shows  the  bottom  of  the  cup,  which  screws  into  A, 

from  below,  as  shown  in  fig.  3  ;  the  hole  through  the  tube  from 
B  to  A  divides  into  the  three  smaller  opemns^s. 

Fig.  6,  shows  the  end  of  one  of  the  divibioiis  of  the  tube,  A  B, 
and  the  size  of  the  screw  which  unites  them  at  a,  b,  and  c. 

Fig.  6,  shows  the  bore  of  the  tube  at  «,  b,  r,  and  B. 

Figures  2,  3,  4,  5,  and  G,  show  the  parts  of  the  apparatus  of 
the  full  size ;  and  for  fig.  1,  there  is  a  scale  given, 

T  may  mention  a  few  advantages  of  this  mode  of  firing  ord- 
nance of  every  description.  These  are  extracted  from  a  com- 
munication on  the  subject,  with  which  Col.  Yule  has  very  kindly 
favoured  me.    They  are  as  follows  : 

"  I .  The  instantaneous  inflammation  of  the  whole  of  the  pow- 
der contained  in  the  cartridge.'^  The  expansion  of  the  aeriform 
fluids  produced  must  act  with  greater  force  than  in  tiie  old 
method :  of  course,  less  powder  will  be  required  for  any  proposed 
result ;  and  as  none  of  the  charge  is  forced  out  uninflamed,  any 
given  quantity  of  gunpowder  will  give  its  fullest  possible 
effect. 

2.  The  removal  of  all  danger  of  explosions  arising  from  the 
cartridges  and  loose  powder  <^oniing  in  contact  with  h^hted 
matches,  in  the  gun-decks  of  men  of  war  in  time  of  action/' 
The  whole  process  is  performed  without  the  necessity  of  using  a 
match-light  of  any  description ;  nor  is  there  any  inflamed  sub^ 
stance  forced  from  the  touch-hole  during  the  discharge. 

''3.  The  removal  (in  a  great  degree)  of  the  inconvenience 
arising  from  the  accumulation  of  smoke  in  the  gun-decks  of  men 
of  war,  or  in  batteries  in  time  of  action."  in  the  proposed 
method,  there  is  not  the  sli^^htest  production  of  smoke  at  the 
toucii-holej  and  as  neither  prime  nor  prime  tube  is  required,  it 
is  also  free  from  any  risk  of  accident  by  the  discharge  of  these^ 
and  this  at  sea  is  a  considerable  advantage. 

4.  The  removal  of  all  inconvenience  arising  from  the  prim- 
•  in^'  being  blown  away  by  high  wiuds,  or  washed  off  by  heavy 
rams,  or  the  shipping  of  a  sea."    The  cap  at  the  top  of  the  new 
apparatus  covers  the  touch-hole,  and  prevents  any  of  these 
inconveniences  of  the  old  mode. 

"  5.  A  saving  of  the  whole  amrmnt  at  present  applied  to  the 
manufacture  or  purchase  of  quick-matches,  priming  tubes,  flints, 
and  various  other  articles  now  in  use^  both  in  the  navy  and  in 
the  held." 

Another  advantage  of  this  mode  deserves  particularly  to  be 
noticed ;  namely,  the  rapidity  with  which  the  whole  is  performed. 
This  facilitates  the  execution  of  a  charge,  by  the  eflect  being 
almost  instantaneous  with  the  pointing  of  the  gun  :  it  also  saves 
the  time  at  present  spent  in  applying  priming  tubes,  or  trains  of 
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powder  ;  for  with  Col.  Yule*s  apparatus^  the  time  that  is  required 

IS  very  Uilliiig. 

(11.)  Having  now  stated  all  that  is  neressary  with  regard  to 
the  apparatus  itself,  it  remains  for  me,  in  the  concluding  part  of 
this  paper,  to  direct  the  attention  of  the  Society  to  several  expe- 
riments performed  with  xt,  which  present  rather  extraordinary 
results. 

At  the  request  of  Colonel  Yule,  I  commenced,  ahout  the 
beginning  of  July  last,  a  number  of  experimental  with  the  view 
of  discovering  a  powder  which  should  never  miss  inflaming  the 
cartridge ;  and  I  was  fortunate  enough  to  hit  upon  one.  All 
the  usual  fulminating  powders  were  first  tried  without  success  i 
the  fulminating  mercury,  when  the  fifth  part  of  a  grain  only  was 
usedy  rent  asunder  the  steel  plate  at  the  top  (marked  d),  and  yet 
did  not  reach  as  far  as  the  gunpowder  placed  at  B.  Some  of 
the  antimonial  preparations  were  found  sometimes  to  tire  the 
gunpowder,-  but  thoy  left  a  cake  of  crocus  behind,  which  stop- 
ped up  the  holes,  and  could  not  be  easily  removed. 

The  following  substances,  and  a  variety  of  other  inflammables, 
were  used,  mixed  with  an  equal  weight  of  superoxymuriate  of 
potassa : 

Golden  sulphuret  of  antimony,  White  lead, 

Black  sulphuret  of  antimony.  Litharge, 
Tied  precipitate  of  mercury.  Orange  lead, 

Chinese  vermilion,  Flowers  of  zinc, 

Muriate  of  mercury.  Flowers  of  sulphur. 

Red  oxide  of  mercury.  Rosin, 
Ethiop's  mineral,  Gum  arabic. 

Red  oxide  of  lead.  Gum  gamboge. 

None  of  these,  however,  produced  any  regular  eHect,  and 
several  of  them  gave  no  inflammation  at  all. 

I  shall  now  add  a  list  of  powders,  all  of  which  occasionally 
pierced  the  flannel  at  B,  and  inflamed  the  powder  below  it: 
very  few  of  them,  however,  did  so  twice  successively : 

1.  Superoxymuriate  of  potassa   6*0 

Sublimed  sulphur    2*0 

Charcoal  powder  1*0 

This  and  No.  3  are  the  worst  on  the  list. 

2.  Superoxymuriate  of  potassa   12*0 

Flowers  of  sulphur  • « •  • .  4*0 

C  h  arcoal  powder   2*0 

Gum  arabic  powder   1*0 

This  and  No.  9  are  fourth  best. 

3.  Superoxymuriate  of  potassa .  18*0 

Flowers  of  sulphur.  .  •  • .  >   3  0 

Gum  arabic.  •  •  •••*•«.••  1*0 
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4«  Superoxymuriate  of  potassa   4*5. 

Flowers  of  sulphur*   1*5 

Charcoal  powder   1*5 

Nitre   2*5 

This  and  Nos.  5  and  8  are  the  third  best 

5.  Superoxymuriate  of  potassa   4*0 

Flowers  of  sulphur   1*0 

Charcoal  powder   1*0 

6.  Superoxymuriate  of  potassa   1*0 

Sulphuret  of  antimony   1*0 

This  and  No.  7  are  fifth  best,  but  they  leave  a  hard  cake  of 
^cus  of  antimony^  which  adheres  very  strongly  to  the  aj^pOi* 
falus. 

7.  Superoxymuriate  of  potassa  1*0 
Sulphuret  of  antimony   1*0 

The  proportions  of  this  powder  were  taken  by  volume. 

^.  Superoxymuriate  of  potassa   2*0 

Dried  charcoal  powder   1*0 

9.  Superoxymuriate  of  potassa   1*0 

Dried  charcoal  powder   1*0 

10.  Superoxymuriate  of  potassa   3*0 

Dried  gunpowder  • ,  2*0 

This  is  the  best. 

11.  Superoxymuriate  of  potassa   1*0 

Gunpowder,  in  fine  powder   1*0 

This  is  the  second  best. 


After  nnmerous  trials  with  these,  their  comparativr  regularity 
in  producinj^-  the  desired  effect  was  calculated  to  be  as  nearly  as 
possible,  as  has  been  noted  in  the  above  list.  But  I  found  that 
even  No.  10  was  not  so  uniform  as  was  necessary  for  CoL  Yule'a 
object.  I  had  now,  however,  almost  doubted  of  success,  wheij^ 
it  occurred  to  me  to  try  the  composition^  which  has  since  been 
found  to  succeed  for  more  than  1 00  successive  times^  without 
leaving  any  residuum  to  stop  the  firing.  Of  the  composition  of 
this  powder,  and  some  cautions  necessary  to  be  attended  to  in 
its  preparathm,  an  account  wiU  be  given  in  a  fiitim  paper. 

It  was  wiUi  this  powder  that  I  performed  the  experiments, 
which  presented  those  striking  lesuUs  of  which  I  have  now  to 
give  a  brief  account. 

I  was  led  to  these  with  the  hope  of  einddttling  still  fwUiflr 
tifaan  I  had  previously  done  a  particular  view  of  caloric,  of  which 
I  have,  for  six  years  past,  given  an  account  in  my  chemical 
classes.  I  availed  myself  of  the  use  of  Col.  Yule's  apparatus  to 
CCWnmence  the  invesugaiioa,  aad  I  am  &till  occupied  with  it.  At 
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present,  therefore,  it  is  only  m  my  power  to  notice  a  fow  of  tte 
eKperiments  in  a  detached  form. 

The  first  experiments  were  performed  by  tiring  tlie  new  com* 
yositiony  using  about  one  grain,  or  rather  less^  at  each  tria^ 
througa  a  piece  of  cartridge  fiannel  tied  over  the  hole  at  the 
feottom,  B,  of  the  apparatus,  when  it  inflamed  a  quaotity  of  gan^ 
vowder  fixed  in  a  tia  oaae  below  the  flanneL  Thi«  was  repeated 
far  many  sacceasive  times  without  cleaning  the  appacatuo^  anl 
the  flame  iie?er  fiuled  to  pierce  the  flannel  and  nie  the  gui^ 
po«ider. 

Should  this  succeed  as  regularly,  when  applied  to  the  gm 
itoel^  there  could  remain  no  doubt  but  that  it  would  possess  aU 
Ae  proposed  advantages.  There  was,  therefore,  fixed  to  a  su^ 
pCMmder,  an  apparatus  similar  to  the  one  already  deaoribed* 
«ticept  that  it  wanted  the  long  tube,  A  for  which  the  priminc 
keie  of  the  gun  now  became  a  substitute.  It  was  charged  with 
cartridge,  and  in  several  of  the  trials  with  ball  and  cartridge; 
and,  upon  the  same  experiments  being  repealed  with  it,  it  gave 
the  same  uniform  lesaiLs. 

The  next  experiments  were  with  the  view  of  ascertaining  how 
the  results  stood  related  to  Sir  Humphiy  Davy's  theory  regard- 
ing the  impervious  nature  of  wire  o^auze  to  flame.  Wire  g^aiize, 
of  diderent  degrees  of  fineness,  was,  in  successive  trials,  put  in 
the  interior  of  the  joimngs,  <7,  /->,  or  r,  of  the  tube,  so  as  to  cov  er 
the  hole  coinpleteiy.  When  the  co  n ser  wire  o;au7e  was  em- 
ployed, the  tiame  was  found  to  pass  through,  and  tire  the  gun* 
powder ;  but  the  same  result  never  took  place  with  wire  gauze  as 
fine  as  that  used  in  Sir  Humphry  Davy's  safety  lamp,  unless 
^mhea  the  flame  seemed  to  have  burst  a  psasa^  through  the 

rse.  But  when  these  expeiiments  were  performed  without 
flannd  and  gunpowder  at  the  bottom,  B,  it  was  found  tiutit 
Ihe  flame  went  through  even  three  pieces  of  the  wire  game  wl 
once. 

Tbe  next  czperimeats,  and  probably  the  most  surprising  of  the 
^riurie,  were  wi£b  gunpowder  placed  in  one  of  tne  divisicn^ 
«,  b,  or  c,  of  the  apparatus.  In  some  of  tbe  trials,  I  found  that 
ihe  flasoe  had  jiassed  through  the  gunpowder  at  a,  b,  or  c,  Mods- 
out  inflaming  it,  sltfaongh  at  other  times  I  found  it  did  not 
do  so. 

This  at  first  appeared  to  be  an  objection  to  the  proposed 
application  of  the  apparatus.  But,  after  repeated  trials,  i  louad 
that  the  above  curious  result  only  took  place  when  the  stroke 
with  the  hammer  was  slight;  for  when  a  smart  blow  was  given, 

mdamination  always  took  place. 

In  a  few  of  the  experiments,  I  put  gunpowder  at  two  divisions 
and  b),  and  found  that  the  tianic  sonietimes  went  through 

both,  without  firing  eitlier  portion;  at  Other  times  one  porttoft 

was  inflamed,  and  one  left  unaltered. 

U  ftdoamug  these  eipenmente,  I  first  put  a  smaU  piece  of 
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llaiinel  upon  the  hole  at  the  joining  of  the  tube,  and  upon  this  I 
poured  the  gunpowder,  using  two,  three,  four,  and  sometimes 
five  grains  at  once.  After  each  trial,  I  found  a  scorched  brown- 
ish mark  m  the  centre  of  the  flannel  about  the  size  of  the  hole  of 
the  tube. 

A  variety  of  experiiiients  were  also  performed  with  flannel, 
paper,  aiKl  other  su!)st^ui(  placed  between  the  joinings  ;  in  all 
"which  cases  it  was  ibund  tliat  the  iiannel  had  been  forced 
through,  generally  leaving  a  hole  ni  the  substance  used  ;  and  a 
pale-coloured  flame  was  observed  to  dart  to  a  considerable  dist* 
ance  below  the  bottom  (B)  of  the  tube. 

In  a  future  paper,  I  hope  to  have  the  honour  of  laying  before 
the  Society  a  fuUer  account  of  these  curious  experiments.  In 
thatpa|)er  I  propose  to  enter  upon  the  cause  of  the  results  whi<^ 
present  themselves ;  and  more  particularly  to  attempt  an  expla- 
nation of  that  extmordinary  one  wherein  we  have  the  gunpowder 
remaining  apparently  inert  to  the  flame  which  passes  through  it. 


AllllCLE  III. 

Summary  of  the  Magnetical  and  Meteorohpieal  Observation^ 
durim  a  Period  of  Three  Years  and  Nine  Months.  By  CoL 
Beauroyy  F.R.S. 

(To  Dr.  Thomson.) 

MY  DEAR  SIR,  Ifeafh^  SfanmorCy  Jaiu  1,  18S1. 

In  the  Annals  of  Philosophjf  for  May,  1820,  you  did  me  the 
.  favour  of  publishing  a  table  conlaiiiing  the  monthly  mean  varia- 
tion of  the  magnetic  needle  for  three  years ;  and  in  the  letter 
accompanying  it,  I  expressed  mv  opinion  that  the  maximum  of 
the  western  variation  at  this  place  occurred  in  t!ie  month  of 
March,  1819.  With  the  view  of  demonstratinof  that  this  conchi- 
sion  had  not  been  precipitately  drawn,  1  contmued  the  observa- 
tions to  the  end  of  last  year  ;  and  as  the  corresponding  monthly 
mean  variation  in  e^  ery  case  show  s  a  diminution,  I  inter  that  the 
variation  has  been  retrogade  for  the  last  21  months. 

In  the  latter  part  of  the  protectorship,  the  tme  and  the  mag^ 
mtic  meridians  coincided.  If  24^  4 1'  42^',  the  greatest  variation, 
-  be  divided  by  162  ^the  number  of  years  since  that  period),  the 
quotient  9'  09^^  will  be  the  mean  annual  increase ;  it  is  reasonable 
to  suppose,  therefore,  that  after  the  same  lapse  of  time  (from 
1819)  these  meridians  will  again  coincide;  but  by  inspecting 
Table  II.  it  will  be  seen  that  the  mean  annual  decrease  in  lieu  of 
bemg  9'  W  is  V  67^^;  consequently,  an  acceleration  musttelbe 
place,  or  the  supposition  is  erroneous. 

I  remain,  my  dear  Sir,  veiy  sincerely  yours, 

Mark  Beaufot* 
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TABLS  n. — Ttble  eoniaMiig      Jllbnit»^,  Noan^  and  Eveninff  Variation  of  ihe 


ISIS.  I 


Moru.24«  34'  38" 
Noon.  21   43  26 
Even..84  S7  10 


r  (Mom.-24O33'06"  I  C  MornJ2403r  16" 

1819.  <{  ii\oon.j24  40  52  1820.^  Noon.  24  39  04 
!  L|Evenj24  34  43j^(jEven.i24  33  10 


MtftaAmma]  Decrease,  1'  5V'» 


netic  Needle^  hetwten  MonOmg  ami  Noim^  and  N«m  and  SverOng,  Jbr  Thm 
Vctrt  and  Nine  Monthf- 


Feb. 
Mwch 


{ 
{ 


Mom . . 
Noon.. 
Even. . 
Morn . . 
Noon. 
Even. . 
Morn.. 
Noon.. 
£veQ. . 


ill  IRlfi 

1818, 

1819. 

1819,  1820 

1819, 

1820. 

Mean.  ^ 

12'  51'' 

10' 

44" 

lO' 

33" 

9' 

31" 

11'  00" 

8  45 

8 

14 

8 

10 

8 

SI 

8  25 

10  15 

9 

31 

8 

40 

9 

26 

9  28 

7  50 

7 

14 

7 

19 

7 

08 

7  21 

11  05 

11 

24 

10 

13 

0 

26 

10  32 

7  29 

7 

31 

6 

32 

5 

28 

6  45 

10  52 

10 

35 

9 

41 

10 

19 

10  82 

6  23 

a 

45 

6 

35 

5 

34 

6  19 

11  35 

11 

18 

10 

16 

9 

35 

10  41 

9  06 

8 

08 

8 

25 

6 

46 

8  06 

*8  34 

10 

53 

9 

06 

9 

13 

9  27 

6  58 

7 

54 

8 

06 

7. 

30 

7  3? 

9  40 

7 

59 

6 

41 

8 

88 

8  11 

6  06 

8 

17 

6 

01 

5 

15 

6  25 

3  59 

4 

16 

3 

51 

S 

81 

S  54 

1819. 

5  5$ 

IS 

3 

48 

4  28 

6  20 

5 

38 

5 

48 

5  59 

8  19 

8 

24 

8 

8  30 

7  50 

8 

85 

5 

48 

1 

6  41 

I  5  I 

I  6  i 

}' 
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TABLE  IV. — Monthly  Mrtrorologiml  Tahk  containh!^  the  Mean  Ifn^hf  of  the  Bammtm^ 
Thcrmomettr,  and  Hygrometer  {De  Luc's},  at  tfu:  Hour  of  tlte  Morning,  Noon,  and  Evening 
Ob»ervatioHi  of  t/ie  Magnetic  Needk,  AUo,  the  prevailing  WImity  Quantity  of  R€An^,Sn(^ 
€md*m         Ht^t  of  e»dk  Mouthy  4y  «  regular  Serief  ^  OUenaiion^  wmmBk^ 


mi, 

April 

May 

Jttne 

Joly 

Aug. 

Sept. 

Oct 

Nov. 
Dec. 
1818. 
Jaa. 
Feb. 
March 
April 
May 
June 
<Wy 
Aug. 
Sept. 
Oct. 
Kov, 
Dec. 
1819. 
Jan. 
Feb. 
March 
April 
May 
Jane 

Sept 
Oct 
Nov, 
Dec. 

f  laio. 

Jao. 

Feb. 

^larch 

April 

May 

Jurjt 
Jiiy 

Oct. 
Nov. 


iMoBOu  Barom. 


Inches, 
J9-770 
19  286 
^9-410 
29-368 

39  516 
29'54l 

29-318 
29-130 

29-227 

29*272 

29- 154 

29-241 

2»-398 

29-597 

29-629 

29  625 

29-346 

29-411 

29-:i94 

29-611 

29-670 

29- J  72 

29-386 

29-321 

29--14() 

29-462 

29-233 

29-599 

29-511 

29-370 

29-25.'^ 

29-243 

29-372 

■29-518 
X9-408 
^9-470 
89-375 
:9  490 
i9  5l9 
29-461 
29550 
29-200 
89-37 1 
«ll'467 


■  •  < 

Inches 
29-726 
29-269 
^9*422 
29-612 
-29-320 
29-522 
29-476 
29-501 
29121 

29-387 
29-286 
29-132 

29-294 
29-463 
29-586 
29-621 
29 -COS 
29-326 
2939 1 
29-357 
29-607 

29  r?01 
29- Nib 
29-682 
29-332 
29  435 
29-452 
29-539 
29-579 
29-518 
i9-362 
29-23.S 
29-288 

29-402 
,'9-479 
29-439 
ii9-474 
29-362 
•29-4'i8 
29-530 
29*468 
29-543 
29*166 
29-37 1 
20'449 


Bwom.,  rh«r. 


Inches 
29-762 
29-286 
29-439 
29-340 
29-322 
29-489 


29-427 

29-423 
29-610 
29-625 
29-61 1 
29357 


29-333 
29-S89 
29-489 
29-456 
29-556 
29  565 
29-519 


29-295 
i9-517 

29-339 
•29-39.S 
29-458 
29-443 
29-595 


7° 
1 


42 
50 
61-1 

56-  7 

57-  3 
56*4 
43-0 
45-7 
35-4 


31 -  6 

32-  8 
37-6 
44'6 
51-7 
62-8 
65*8 
62*3 
64-9 
51 

46-  5 

55-  6 

36-  8 
3H-2 
42-0 
49-0 
54-8 
57-4 
62-1 
62-S 

56-  7 

47-  7 

37-  4 
32-4 


Tber. 


•3 
-4 
6 
•9 
•9 
-1 


28 
30 
37 
47 
51 
57 
60-3 
59-3 
53-8 
45*6 
39 
36-6 


46-0<^ 

50-2 

62-0 

59-4 
59- 1 
58  0 


39-8 
46-1 
53-4 
C5-2 
68- 1 
631 
581 


48-  8° 
57-4 
68-3 
65-S 
63  0 
62-5 

49-  6 
51-2 
38-0 

41-  2 
37-3 
43-6 
49-9 
59-0 
71-5 
73  3 
68-8 
62-2 
57-9 

51-  4 
89-8 

42-  3 
42  6 
46-8 

52-  7 
Gl-I 
62-2 
68-7 
70-9 
62-9 
53  1 
42  0 
36-4 


33- 1 

38-  7 
44*5 
55-6 
58-8 
C3-4 
65-7 
65  G 
611 
51-4 
41-0 

39-  2  J  — 
i.iiiiii-if'  >» 


riier. 


46-3 
48-7 
56  6 
67-3 
63  0 
651 
58-1 


46-3 
51-6 
53-8 
38'3 

ro-5 

60  1 
56-3 


61 -'i^ 
58-2 

60-  8 

64-  .':J 

66-  9 
70-9 

65-  4 

78 -  0 
782 

75-1 
74-3 
66  1 
62  9 

52-  2 
43  I 
43-8 
41-3 

61-  1 
70-4 
77-7 
19-5 

Sl-5 
72-2 
653 

53-  5 
48-9 
5:i-5 
57-0 
«6  9 

79-  2 
79  9 
79  9 
82-9 

80-  2 
82-9 
74-2 

67-  5 

66-  4 
G9-8 

69-  1 

70-  5 

71-  2 
71-8 
767 
759 


48 -a^ 

52-9 

18-7 

55-  2 
54*6 

64-  7 

56-  6 
68-0 
660 

68-8 
669 

57-  2 

51-  7 
421 

32-  7 

33-  8 
30-4 
44-6 

57-  1 

65-  2 
65-5 

63-  5 
55-9 

52-  2 

40-6 
37-3 
44-6 
44-9 
48-6 

64-  7 
68-9 

72-  8 
75-7 

73-  9 

74-  1 
63-6 

59-  3 

58-  6 
53  8 

60-  1 

59-  8 
57-9 

61-  9 
70-0 
72-5 


50 
53  6 
52-3 

59-  2 
571 

60-  9 


Wind  Raiiu  £vaj>,. 


51-  4 

55  0 
47-1 
37-5 
37-7 

52-  2 
51-1 


61-4 
49-6 

44-2 
49-8 
52-2 
60-0 
67-5 


67-4 
63-3 

63-  4 

64-  5 
67-5 
63-4 
6i-l 


NE 
SW 

sw 

SW 

sw 

NE 
NE 
NE 
SW 

SW 

sw 

SW 
NK 
NE 
SW 
NW 
NW 
SW 
SW 
SW 

m 

SW 
NW 
NW 
SW 
SE 
SW 
NE 
NE 
SW 
NW 
NW 
SW 

SW 

NE 

NW 

SW 

SW 

NW 

NW 

SW 

SW 

NE 

NE 

NE 


Inch 


2-  330 

3-  750 
2-453 
0-330 

0-  670 
0491 
3  120 

1-  384 

2-  412 


Inch. 


50-3 
58-9 
58-1 

47-7 
35-9 

^  134-9 
2-570,  S9-7 

2-  590  45-8 
3  770  62-8 

6-  980  *l«0 

7-  015'  67-1 
7  030;  62-6 

3 -  400'  57-7 
1-970  53-8 
1-080'4I|-T 


1-SJ5  0*530,37-0 


1-  906 

2-  828 

1-  153 

2-  468 

<3. 


063 


1-400  38-9 
l-430i38« 
2*680Ul*<l 

3-  440  48-5 

4-  530  55-3 
1-95014-250  57-2 

1-  514!  4-930  64*4 

2-  520  4-720  (>4-5 

3-  213  3  550  57-9 
1-610  2'2«()  49-1 
1-7  61 1  1-230  39-8 
2*4291 0-7 1 0jS4*6 

I 

1  0>0i  0-360  31-3 
1-14.31  0-765  35-ti 

0- -46!4  no.  40-7 
l*505|3  750;49-5 
.'■ -383  4-270  53-4 

1-  7241  t-o^^"  5S-1 
1-9361  3  950  60-7 

1-  992!4-820'g1-1 

2-  28S|  3-400  55*» 
2-538  2-500' 45-3 
l-2':3  O-S'53'41-6 
|-46f*l  |-l33i38-0 


Vew  Series  J  you  i. 
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TABLE  V. — Annml  Meteorological  Tabk  of  the  Mean  Heights  qf  the  Sarometefj  jtr. 


Btiom. 

Barom. 

Barom. 

Thcr. 

Thcr, 

Ther. 

Hyg. 

n>g. 

iiyg. 

Wind. 

Rain. 

Evap. 

Mean 
Meat. 

Inches. 

Inches. 

Inches. 

Inches. 

Inchet, 

1818. 

^9-408 

29-431 

29-482 

48-7° 

56-30 

59-20 

44*6° 

SW 

50-0^ 

1819. 

29S89 

29-407 

29-464 

48- 1 

56-3 

68-4 

55-8 

SW 

?n-4i5 

35-150 

493 

laeo. 

29-4$S 

29*426 

29*434 

45  7 

51-8 

553 

73-0 

163-0 

64-4 

1  SW 

20-460  34 •36'^ 

47-6 

I 


TABLE  VL — General  Tabk  oj'  Winds, 


Years. 

N. 

N.E. 

E. 

S.E. 

S. 

S.W. 

W. 

N.W. 

Calm. 

Var. 

1818. 

84 

119 

61 

119 

S8 

300 

75 

157 

S6 

8 

1819. 

19 

208 

42 

117 

.^2 

262 

78 

216 

7 

19 

1820. 

IS 

215 

.18 

104 

21 

285 

77 

4  . 

S3 

Mean 

20 

198 

47 

113 

27 

282 

77  1 

192 

16 

27 

All  the  Winds  htticccn  the  cardinal  points  are  described  a*?  N.E.  S.K.  .'^.W.  and 
N.W.  The  number  of  observations  iii  each  year  exceeded  b.bO,  but  tor  readily  com- 
paring the  muliSy  the  Tabla  is  calculated  for  lOOO* 


Article  IV. 

On  a  Method  of  appli^ing  Maclaurm^a  Tiieorem* 
By  Mn  James  Adams. 

(To  the  Editor  of  the  Annals  of  PJiilosuphj/,) 

Sia,  StonehMue^  near  Pl^motiihf  Dec,  S0fl98»» 

Considering  the  following  method  of  applying  Maclaurin's 
Theorem  (see  his  Fluxions,  vol.  ii.  p.  198)  as  an  improvement,  I 
will  thank  you  for  its  insertion  in  the  Annals  of  PhtloBopht/, 

I  am^  Sir^  your  obliged  humble  servant^ 

James  Ahams. 


Problem.— Given  A  ±  (B3;  +  Ca;«  +  Dz»  +  E3:*  + 
F    +  &c.) 

To  had  j^,  &c.  supposing  d  z  constant. 


By  taking  the  successive  differentials  of  the  given  equations^ 
we  have 


Digitized  by  Google 


1821.]     a  Method  of  applying  Madauriri*  Theonm.  90 
«  =  A  +  (B«  +  C«»+Di8»  +  Ez«  +  Fs»+&c.)  =  A±fg 
■Jf-Bi  (2C«  +  3D«»  + 4Ea'  +  6Fa«  +  &c.)  =  B± 

^^  =  2C±(2.3Dz  +  3.4E*»  +  4.6Fz» 

'    2  C±/, 

j^  =  2.3.4E±(2.3.4.6F;:  +  3  . 4  .  5  .  (i  Gs"- +  i^c.) 
=  2  .3  .4£  +  f 

^  =  2.3.4.5F  +  (2.a.4.5.6G;:4-  &c.)  ....  =2^ 
3 . 4  .  6  F  ±  f ,  ic. 

<tt5  &C. 

Where  fz^f^z^fxi  ^tf\n^»  ^  ^pfi  »>&c.  denote  different  func- 
tions of 

Example  1.— Let  it  be  required  to  develope  u  s  (a  4>  z)~ 
i«  =s  (a  +       SB  II*  +  fz      A  +fz  /.  a-  s  A. 

(a+«r-"  =  m  (m-l)  a—  +/„  »  =  2  C  + 

/„  z m  (m— 1)  a*-'  =  2  C, 
Itc.  

Then  by  ivriting  the  vaiue  of  A,  C,  &c.  in  the  proUein^ 
ire  have  (a  +  »)•=«-+  m  a"*-*  z  +  ^i2LZ_^i!!ll! 

+  »^-.-»)(^.-^)a-3  ^  , 

•  The  usual  method  of  findinf^  the  values  of  A,  B,  C,  Sec.  in  to  «!iippose  the  variabl* 
quantity  in  the  given  equations  cc^ual  to  nothing,  by  which  means  otiicr  equations  are 
<ilK«oed  which  aetwmine  A,  B,  C,  &c.  in  terms  of  Uie  «ven  function;  thus  in  the 
equation  u  ^  (a  +  zy*  ^  A  B  x  +  C  afi  -i-  J>  :^  +  ic»  Suppooe;?  =»  0,  Aen 
«*  *  A, 

in 

^«  «»(»i~l)(a+s>'"-»  =2  C+2  .  3  D-  +  &c  Suppose  »~0,  then m 

4hc  Mme  as  belbre.  This  Utter  mediod  is  eridcDtljr  as  simple  in  its 
ApplicatioD  as  liie  preoediDg,  but  it  does  not  appear  to  me  to  be  so  evident,  particularly 
tobcfpimsn.  If  Obe  writtenlbrzindieeqiuition  «  »  A  •«>  B«  +  Cs* +D£)  +  &c. 

»e  dwuld  have  m  =  A,  a  given  quantity,  therefore  j—i  j~3>  respcc- 

•  *  41  »  a* 

itdy  equal  to  Boduqg. 

q2 
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loBOimfle  2.— Let  it  be  required  to  develope  u  = 

u  «^ =  («  +        =  a-'  +/«  «  A  +/«  A 

1*  -  (a  +          -                  B  =  -  ^, 


d  % 


4^  M 


-2.3(a  +        a  -  2.3ii-*+/,H  »  a2.3D  + 

/ill  *        —  "  5i» 

&c  

Therefore,  by  writing  the  valaee  of  A^         &c«  in  the  pro* 

blem«  we  have  —5—  =  -  —    +  2"^  +  ^* 

Example  3. — ^To  find  the  log.  (a  +  z)  m^  series,  log.  of  base 

u  » /(«  +  2f)  « /(l  +      a  +  i)  +  in  = /a  + 

/z  as  A+  /z  .\  I  a  ^ 
Jf  =  .-^.  =  i4./iZ  =  B+/....i  =  B, 

=  -  (a  +  zr^=  -  a-'         2;     2C  +/„z  ••.  -j^ 
«2C, 

^«2(a  +  »r»  =  2      +         =  2.3  D 

=  3D, 

^  

By  substituting  for  &c.  we  have 

log.(a  +  «)  r=  /  ,«  +  i  -  ^  +  ^  -  ^  +  &c. 

Example  4. — To  .find  the  log.  (a  —  in  a  secies.,  log.  ol  base 
being  unity. 

M  =  /  (a  —  «) «  /  ^1  -  ij  a     I .  fl  +  /«  «  A  +  /«  .% 

=  -  ,^.=  -  t  +  Ju  z)^2C  +/.  --.C  =  «  J 


—  —  JL 

&c  
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182E]     a  Method  of'  appli/ing  Madaurin's  Theorem, 
By  Bubstitating  for  &c.  we  have 

Eaoim^t  5« — Expand  into  a  series  the  log.  (~^)  log.  of  base 
unity. 

•  =Ur5l)=Mi)+/«  +  A+/«...A-i(i) 

-  -  5>'  • 

Hence,  and  by  substitution,  we  have 

Sample  6. — Eicpand  into  a  series  the  log.  (^;~-,)*  log«of  base 
sttty. 

•  -  ^ (Hr.)  « ^  (;)  +/»  -  A  +/«.-.  A  -  i  (i), 

 •  •  ••••••«••• 

Hence,  and  by  substituting  in  the  problem,  we  have 

Exttmfk  7.~£xpaiiii  into  a  Miias  «*,  log.  cf  base  npit^jfj^ 
«  =  a*  =s  {1  +  (a  -  I)}*  =s  1  +  /x  =  A  +/»     A  a»Iv 

?^  »  (i .  ay  il  +.(«-  1)1-  =.  (/  . «)»  +/„  r  *.2  C  +/,.  « 

~  «  (/.  ay  {1  +  (a  -  !)}•  «    .  ay  +/,„  *  »  2  . 3  D  + 
/ III « • .  1/  —  2  g> 

&c  A  
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By  substituting  for  A,  B,  C,  he.  we  have 

*^      I      ^      1,8     ^    1.2.3   ^1.2. 3. 4^*"* 

Example  8.— Expand  into  a  series  the  log.  (^^^)  log.ofbase 
vnily. 


du  2  a 


4*  11         4  a  X 


77.  =  -  0  +/..x=  2C  +/„«.•.  C  «  0, 


^  »         48  a  J  9G  a  ar3 


E  =  0, 

=  [^z^.  +f^^        +/vix  «  2 .  3  .  4  .6  F  +/v,  X 

&c  ;  

By  substituting  for  A,  B,  C,  &c.  we  have 

By  adding  the  series  in  Example  3  to  the  series  in  Example  6^ 
or  subtracting  the  series  in  Example  4,  from  the  series  in  Ex- 
ample 3,  we  have  the  same  result  as  above,  which  is  evident 
irom  the  nature  of  logarithms. 

Example  9.— It  is  required  to  expand  into  a  series  the  expres- 
sion 


u  =         =        +  /  j  =  A  +/x    A  = 
« D  89  a—*. 

ice  

•  By  substituting  for  A,  B,  C,  we  have 

s        +  a— +  «— •  05*  +  a— +  &c.  Or, 


a—x 
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m 

^  Lemma. — ^To  find  the  Bines,  cosines,  tangents,  8cc.  ot  dieolar 
srcs  in  fanctions  of  the.  arcs,  radius  being  uni^. . 
Given  sin*  z  =s  fiinction  of  »  c=  fz,  £en  will 

cos*  «  =t  (1  —  sin.^^i;)''  as  1  — z, 
•in.  c       ft  - 

cot.  Z  =  ;   =  5  ,  . 

tan.  f  /„ 

sec.  z  =  =  z — —  =  1  +  /„,  «, 

cot,  «       1  ../,  s  •  ./  in  » 

1  I 

cosec.  z  = 


tin.  f  ~"/t' 

Exampk  10. — ^fo  find  the  sine  of  an  arc  in  terms  of  Ihe  arc, 
radius  unity. 

II  =  sin,  X  =  0  +/»  =  A+  B»  +  C»' +  D;ii^  +  &c.  » 
A  -f-  y  «  /.  A  =3  0. 

~        X  =  1  —     ;c  s=  B  — B  =  1, 
^  «  ~  sin.;c  =  -  (0  +/„     =  2  C  +/,  2     2  C  =  -  0,. 
-  cos.xs  -  (1  -/„,»)=  2  .3D  /.  2-3 

D  =  -  i; 

&c  

By  substituting  for  A,  B,  C,      we  have 

.     -  »5 
sin.  2  =s  a;  —  1  T-  ccc. 

I  .         ^  1  .2.8.4.6 

Example  11. — ^To  find  the  cosine  of  an  arc  in  terms  of  the  arc^ 
ladius  unity. 

u  as  COS.  «  ss  1  — /«  =  A  —  (B;?;  +  C««+D«^  +  8tc,) 
«  A  —/».•.  A  S5  1, 

~  «  -  sin. »      -  (0  -i-  /  ;?;)  =  B  +/.  « B  ==  -  0, 
—  ^  ^  cos.z=  -(1  -/„»)«2C         a;  .-.20=1-1, 
^=  8m.;t  =  0  +/„»  =  2.3D  2  .3  D  =0, 

j-^  =  COS.  X  =  1  — »  =  2  . 3  . 4  E  —    ^  /.  2  . 3  . 4  E  =s  1, 

2(€  

By  substitating  for  A,  B,  C,  &c.  we  have 
C08,«  a  1     —  +  ^ —  ~  -       +  &c. 

'Example  12.— To  find  the  tangent  of  an  arc  in  terms  of  the 
arc,  nuhus  unity. 


•I 

1^  «  1  +     =^  1  +/, =  B  +/  z  .-.B  =  1, 

=  2  ^  +  2    =  0         «  =  2  C  +/„  «     C  =^  0, 
^  =  2  +  8r-  +  6/^  =,  2  +/,.,»  =  2.3D+/wi  »  D 

E  =  0, 

J^:*  16  +  136^«  +  240^*  +  120^«  «  16  «  2  .3  . 

&c  

From  whence,  and  by  substituling  in  the  problem,  we  haite^ 

2  :2  16:' 

tan*  z  =:  X  +  1  +  ccc. 

1.8.8  ^  1  .«.S«4,6  ^ 

Example  IS.^To  find  the  secant  of  an  arc  in  terms  of  the  are> 

r4(}ius  uoity. 
u  =  sec.  «  =  !  -|-/ic=A+  y «  /•  A  =  1, 

5^  =  *  +  T  +  T -  B  ±       =  1  +/.,  ^  =  2  C  +/..* 
•  C  -  ' 

«.-.D  =  0, 

*--^  =  ?:lr«» 

1^  s  61  +  ^  +  &c  =  61  +/,x  =  2.3.4.d.6G-f 

/j  s      Vr  —  r 

A  •  «  •  •  W 

&C  

Hence  .v.  have  .ec.        1  +        +  TrffiTl.r*:  Ut^HlA.^ 
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The  student  must  uuderstaiid  that  the  deveiopement  of  a  func- 
tion by  the  preceeding  method  is  not  always  the  most  conve- 
nient; for  instance,  Examples  12  and  13  may  be  answered  m  a 
more  simple  and  general  manner  by  note  Is  (with  some  slight 
alteration  in  the  symbols),  taken  from  the  traoslatioii  of  Lacroix' 
Difierential  and  Integral  Caic«ilus. 

4P»  jr»  sfi  x» 

r>     -  .      .  sin.*       *     1  .^.S*  1...6      1...7  rrg"'*** 

rer  trig.  tan.  x  ^  — -  35  ;  ,  


1*9      1«««4     1«*«6  la««6 

ndius  uoi^ 

By  writing  «  =        b  »  c  »         d  =         .  « 

^,  y  ss  I — 8cc.  the  above  equation  becomes  tin.  sb  s 

*  —  *  jr»  +  <f  x»  — / j:»  +  *     —  &c. 

I  —  a       +  c  JT*  —  «  j:'  +  g  j.^  —  &c. 

Now  from  a  little  attention  to  these  equations,  it  will  appear 
that  tan.  .1  may  be  represented  by  the  series  A  x  +  Bx^  +  Co;* 

that  IS,  •=  — — T — — - — _  =  Aj:  +  Bo^  +  Cj?* 

+  D     +  E  jjo  +  8tc. 

From  whence  we  get 

fA  I 


(B-Aa)j^ 
(C-Bfl  +  Ac)a^» 
(D-C«  +  Bc-A  e)jr^ 
(E-l>a  +  Cc-Bc+A^)a:» 

L&c  

Then  by  equating  the  coefficients*  of     corresponding  powers 
offf  on  each  side  of  the  last  equation,  we  have 
A  =  l,      .  . 


C  =  Bfl- Ac  = 

D  =  Ca-Bc  +  A«-/=s^, 

E«D«-Cc  +  Be  -  Ag  +  A  =  ^, 

&c  


Tlie  law  of  comtmoation  I^ng  evident,  we,  theiefoie,  hure 

tiiL  X ,  + +  1^  +  !!!^  +  !^ 8UJ.  •■  •  ■ 

The  same  method  may.  bya  applied. to  the  devaLupeiaeat  of  the 
cot.  I.  .  "         '  ^. 


Li 
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tin.  4r      »  —  ft     +  ii  j^.^4:9  4.  Axt  —  Arc. 

—  (Ax  +  Bx3  +  C     '\-  D     +  Ex»  +  &c.),  radius  unity. 
From  wheace  we  obtaia 

f(-A-i)x« 

I  (— B  +  AZ»-fd)^ 



Then  by  equating  the  homologous  terms,  we  have 

A  =     -  Zr)  =  i, 

B=  +  A6~(c--ii)  =  ^, 
C  =  -  A     +  B  ^  +  (e  -/)  = 

D«  +  A/-Bii+C6-(^-.A)  =  ;ji^, 

&c.  

Wheie  the  law  of  continuation  i^evident,  we  therefore,  Lave 

*       b  ^  45  ^  945  ^  47^5  ^  7 

In  like  manner  we  may  develope  the  sec. 

sec.  X  =  S=  '  !  r  1  =  1  -I-  A  JT^  + 

Bx*  +  Ca:^  +  Da^  +  &c.  radius  unity;  from  which  equation 
we  obtain  the  following,  viz* 

(A  -  a)  x~ 
(B  -  A  fl  +  c)  X* 
0=:^(C-Ba  +  A  .  c  -  c>a:« 
(D  -  Ca  +  Be  -r  Ac 

\M  

The  n  by  making  the  coefficients  of  ,a?%  x^,  x%  x%  &c.  respect- 
ively equal  to  nothing,  we  shall  have 

C«-Ac  +  B^^.«^^, 

877 


D^Ae-Bi:  +  Ca^gs:=~i, 
&c  '  


The  law  of  continuation  being  evident,  therefore, 
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_       >  ♦ 

We  may  from  the  same  principle  find  the  cosec.  x  in  temui  of 
ttte  arc  x,  radius  imity. 

Gosec*  X  a=   =  =  -  +  A  jr  + 

sin.  j:       A*  —  Aj*  +  fii  X*— jf  0.'*+  A*»  — 4c«  s 
B        -f  C        4-  &C. 

From  whence  we  get 


r(A  -  b)  X* 
(B  -  A6  +  rf)jt* 


0 

[  (D  —  C  ^  +  B  -'A/  +  /Oi* 
L&c  

Then  by  making  the  coefiicieiits  of  a'%  a^,  x^,  a%  bic.  respect- 
ively  equsiL  to  zero,  we  have 

C  =  B^  -  A^Z  +/= 


15120' 

IS7 


&c  


The  law  of  contmuaiion  being  evident,  therefore, 
cosec*  •2r--  +  g-f^  +  ^jjjg  +  554555  + 


Article  V. 

Oil  the  Solution  and  Crystallization  of  Lime.    By  R.  Phillips, 

FRSE.FLS.&C. 

Mu.  Dalton,  in  his  "  New  System^of  Chemical  Philoso- 
phy," has  stated  the  curious  fact  that  lime  is  more  soliil)le  in  cold 
water  than  in  hot,  and  has  given  the  foliowmg  tiLble  to  show  the 
difference  which  exists  in  water  of  various  temperatures. 

Onepiitofniitttiif  Takctupofliiiww    TnkaiMpofdiyhydnteof  Hn» 

60*^  ............    ^j-g.   yJry 

0 1  O                                         I  1 
■^^-^   • TTTZ  ••••••  TT'I 

''This  table,''  he  obaerves,  leads  us  to  conclude  that  water 
«t  the  freezing  temperature  would  take  nearly  twice  the  quantity 
of  lime  that  water  at  the  boihng  temperature  takes/' 

Mr.  Dalton  has  not  attempted  to  account  for  the  corioos  fact 
wliidi  he  has  disoovered.  Mr.  Brande  has  not  mentioned  tkia 
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circumstance  la  his  Manual  of  Chemistry,  nor  does  Dr.  Thomson 
or  Dr.  Henry  attempt  to  explain  the  fact  in  their  respective 
works,  although  they  have  given  the  results  of  Mr.  Dalton's 
experiments.  Dr.  Mtiii  ay,  in  the  last  edition  of  his  System  of 
Chemistry,  observes,  *Hius  circumstance  is  extremely  singular; 
augmented  solubility  from  cold  is  contrary  to  all  analogy,  as  well 
as  to  the  principle  on  which  the  relation  oi  temperature  to  solu- 
tion depends." 

With  the  intention  of  determining  the  comparative  solubility 
of  lime  in  water  of  different  temperatures,  and  if  possible  also  to 
discover  the  cause  of  the  difference,  I  prepared  some  lime- 
water  at  the  temperature  of  the  atmosphere,  which  was  then  about 
60°  of  Fahrenheit.  A  wine  pint  which  had  been  filtered  with  as 
little  exposure  to  the  atmosphere  as  possible  was  decomposed 
by  adding  solution  of  carbonate  of  ammonia.  The  solution  was 
examined  with  oxalic  acid,  and  it  appeared  that  the  whole  of  the 
lime  was  precipitated  by  the  carbonic  acid  of  the  carbonate  erf" 
ammonia.  The  precipitated  carbonafe  of  Ume  being  washed 
and  dried  weighed  17*3  grs.  equivalent,  according  to  i)r.  Wolr' 
laston,  to  9*7  grs.  of  time ;  and  as  a  pint  of  lime-water  weighs 
about  7300  grs.  it  follows  that  watec  at  60^  dissolves  d>ottt 
of  its  weight,  agreeing  pretty  nearly  with  Mr.  Dalton's  state- 
ment, and'  still  more  so  with  Dr.  Thomson's,  who  finds  thai 

758  grs.  of  cold  water  dissolve  one  of  lime." 

I  next  boiled  some  hydrate  of  lime  in  water,  and  filtered  it 
with  as  little  exposure  to  the  air,  and  as  rapidly  as  possible.  A 
pint  of  this  decomposed,  as  in  the  former  case,  by  carbonate  of 
ammonia,  gave  10*5  grs.  of  carbonate  of  lime,  equal,  accordnig  to 
the  scale,  to  6*9  grs.  of  hme.  Boiling  water,  therefore,  as  appears 
by  this,  dissolves  only  x^Vb-  weight  of  lime.    I  repeated 

this  experiment,  taking  exactly  10,000  grs.  of  tlie  lime  water, 
the  carbonate  of  lime  weighed  14  grs.  =  7-8  of  lime  ;  so  that 
the  hot  water  had  taken  up  t^Vo-  weight,  agreeing  very 

closely  with  the  former  experiment,  and  as  nearly  with  Mr.  Dal* 
ton's  as  1280  to  1270. 

Some  lime  water  was  now  prepared  by  -putting  hydrate  into 
water,  a  very  little  above  the  temperature  of  3^.  This  b^ng 
filtered  with  die  usual  precaution,  10,000  grs.  were  decompoeea 
in  the  manner  already  stated,  and  27  grs.  of  carbonate  or  Hme 
wsfo obtained,  confirming  very  neaily  Mr.  Dalton's  opinion  that 
water  at  32?  would  dissolve  twice  as  much  hme  as  water  at  212^: 
27  grs.  of  carbonate  of  lime  are  equivalent  to  15*2  of  limei  and 
consequently  water  at  near  32^  dissolves  of  its  weight  of 
Hme :  to  be  exactly  double,  it  shoidd  be 

Having,  by  theses  experiments^  satisfied  myself  of  liie'OOireci* 
HOBS  of  the  facts  stated  bv  Mr.  Dslton»  I  proceeded  to  inooiio 
into  their  caase»  With  lais  intention,  I  prepared  sotae  limo 
waleret  a  little  above  32®  of  Fahrenheit,  and  heated  to  ebullition 
46  ounces  in  a  flask,  from  which  a  long  tube  is&ued  to  prevent 
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the  access  of  carboaic  acid  from  the  atmosphere.  In  a  very 
ihorttime,  sinall  white  particles  were  deposited  in  the  lime  water, 
and  after  about  two  ounces  of  the  water  had  been  evaporated,  I 
discoiitinued  the  eboUitioni  and  cooled  the  lime  water  secnre4 
from  atmospheric  air. 

On  examining  the  particles  which  had  been  depouted,  it  wa» 
endent  that  they  were  ciystalline,  altbon^  the  smalbess  pre* 
f anted  the  determination  of  their  form ;  they  had  nevertheMMi 
the  asaal  briUiancv  of  saUne  ciystals. 

To  determine  wnat  quantity  of  Kme  had  been  deposited  b}  crys- 
tallizing, and  what  proportion  it  bore  to  the  eraporatioui  I  deccnn^ 
posed  a  pint  of  the  lime  water  in  the  mode  already  described  by 
carbonate  of  ammonia,  the  carbonate  of  lime  precipitated  was 
dried,  and  weighed  8*6  grs.  =  4*85  grs.  of  lime.  It  is,  there- 
fore, evident  that  the  action  of  the  heat  had  caused  the  crystalli- 
zation  ot"  the  hme,  auei  had  effected  it  in  a  much  o;reatcr  degree 
than  could  be  accounted  for  bv  the  evaporation  which  occurred. 
The  lime  water  before  evaporation  contained  of  its  weight 
of  lime;  after  l-13th  had  been  evaporated,  the  quantity  of  hme 
was  reduced  to  t-tot  ^  ^^^^  more  than  one  half  of  the  lime  was 
crystaUized  by  evaporating  l-13th  of  the  solution. 

The  cause  of  this  crystallization  appears  to  me  to  result  from 
the  effect  which  heat  sometimes  produces  of  increasing^  instead 
of  duninishing  the  attraction  of  cohesion.  The  alhnities  which 
arfe  brought  into  play  are,  the  attraction  of  aggregation  of 
the  particles  of  the  lime  for  each  other,  the  attraction  of  the 
hme  to  form  a  hydrate  with  a  small  portion  of  water,  and  the 
mutual  affinity  existing^  between  that  hydrate  and  water  ef 
aolntiim. 

Among  the  cases  which  may  be  cited  as  proving  the  aggre- 
gating power  of  heat  is  this :  If  some  peracetate  of  iron  be 
decomposed  by  ammonia,  the  oxide  is  quickly  redi»Bolved  by 
Beetle  acid  ;  bnt  if  the  oxide  of  iron  be  boilea  in  the  solution 
femi  which  it  is  precipitated,  the  acetic  acid  is  incapable  of  dw* 
Bohing  it,  on  account  of  the  cohesion  which  the  oxide  of  iran 
bas  suffered  by  heating. 

As  crystallization  is  bat  a  modification  of  cohesive  affinity,  vte 
nay,  I  think,  consider,  that  the  cohesive  or  crystalline  amraity 
excited  by  the  heat,  increased  by  the  affinity  of  the  lime 
for  a  definite  portion  of  water,  is  so  much  greater  than  the  affi- 
nity of  the  hydrate  of  Ume  for  the  water  of  solution  as  to  occ  a- 
sion crystallization,  if  the  quantity  of  lime  crystallized  was  in 
any  degree  proportional  to  that  of  the  water  evaporated,  there 
would  be  no  occasion  to  suppose  the  existence  of  the  cause  I 
have  mentioned. 

Mr.  Dalton,  instead  of  merely  heating  lime  water,  which  had 
been  prepared  at  a  lower  temperature,  boiled  it  again  with  hydrate 
ol  lime  ;  it  is  evident,  therefore,  that  the  crystalHzation  which  he 
vvould  otherwise  have  observed  could  not  be  adduced  to  acQount 
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forthe  curious  discovery  which  he  had  made.  Although  I  was  aware 
of  the  ciystallization  of  lime  which  M.  Gay-Lussac  had  eflfected 
by  the  agency  of  sulphuric  acid  and  a  vacuum ;  and  after  I  had 
looked  in  vain  to  the  authors  whom  I  have  quoted,  in  order  to 
discover  whether  they  were  aware  of  the  crystallization  of  lime 
which  takes  place  by  heatings  I  found  that  M.  Thenard  had 
stated  the  fact  in  his  Traite  de  Chimie ;  however  as  he  has 
not  given  any  account  of  the  extent  to  which  it  takes  place, 
nor  applied  it  td  explain  the  greater  solubility  of  lime  in  cold  water, 
I  hav  e  thought  the  details  now  given  not  alic^ether  devoid  of 
interest. 


Article  VI. 

On   the  Bicarbonate  of  Ammonia,     By    Richard  Phillips, 

FRSE.  FLS.  &c. 

In  the  seventh  volume  of  the  Journal  of  Literature,  Science, 
and  the  Arts,  I  have  given  an  analysis  of  the  salt  usuuiiy  called 
cubcarbonate  of  ammonia.  I  traced  also  the  nature  of  the 
decomposition  by  which  muriate  of  amuionia  is  converted  by 
the  action  of  carbonate  of  lime,  first  into  sesquicarbonate,  and 
eventually  into  bicarbonate  of  ammonin.  This  last  salt  I  had 
not  at  that  time  seen  produced,  except  by  exposing  sesquicar- 
bonate of  ammonia  to  the  atmosphere.  During  the  last  summer^ 
however,  Dr.  Henry  gave  me  some  salt  which  had  been  prepared 
with  the  intention  of  producing  the  common  smelling  salts. 
{Vom  some  cause  which  has  not  been  explained,  the  salt  instead 
of  being  pungent  had  scarcely  any  smell  whatever,  and  was  on 
this  account  rejected  by  those  to  whom  it  was  sent.  This  salt 
is  more  crystalune  in  its  texture  than  the  sesquicarbonate  of 
ammonia :  it  does  not  become  opaque  by  keeping ;  and  turmeric 
paper  held  over  it  is  scarcely  affected  by  it  even  when  fresh 

broken.  ,  • 

Dr.  Henry  informed  me  that  he^  had  found  this  salt  to  be 
bicarl)onate,  but  not  having  given  me  the  particulars  of  his  ana- 
lysis, I  venture  to  state  the  results  of  my  own  experiments. 

One  hundred  and  twenty  parts  of  the  salt  were  dissolved  in 
dilute  sulphuric  iicid,  tlie  weight  of  the  vial  and  acid  being  pre- 
viously noted.  The;  quantity  of  carbonic  acid  evolved  amounted 
to  66*6  parts,  equn  alent  to  o5-5  per  cent.  An  cijua.1  c^uantity 
of  the  same  salt  was  dissolved  in  water,  and  added  to  a  neutral 
solution  of  nitrate  of  lime,  taking  care  that  the  latter  salt  was 
excess.  Effervescence  readily  occurred,  and  by  tiie  apphcation 
of  a  gentle  heat,  carbonate  of  lime  was  precipitated  :  this  after 
being'washed,  was  dried,  and  weighed  74-4  =  62  per  cent. 
By  Dr.  WoUaston's  scale,  it  will  be  secu  that  (32  of  carbonate 
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of  lime  are  equivalent  to  21*16  of  ammonia.  One  hundred  part» 
of  this  salt  consist,  therefore,  of 

Carbonic  acid  55*5 

Ammonia  21*16  leaving  for 

Water  23-34 

100^ 

* 

The  exact  composition  and  atomic  constitution  are  as  follow, 
and  perfectly  similar  to  the  salt  obtained  by  exposing  what  is 
nsuaUy  termed  subcarbonate  (but  correctly  sesqaicarbonate)  of 
ammonia  to  the  air.  , 

Two  aloms  of  carbonic  acid  .....  o.O  OB  55*5 

One  atom  of  ammonia  21*5  21*7 

Two  atoms  of  water   22-64    22-8 

.     .  99-22  lOO-O 


Article  VII. 

Ou  Jlain^Guages.   By  Mr.  Richard  Davenport. 
(To  the  Editor  of  the  Annals  of  Fhilosaj^ky.) 

SIR,  Jan.  10,  1821. 

I  PERCEIVE  in  your  last  nmnber  another  letter  added  to  the 
many  that  have  ;i|j})c'ared  on  the  subject  of  the  different  indica- 
tions of  similar  ram-guages  differently  situated.  It  is  rather 
>)Urprising  that  the  writer  should  not  before  have  met  with  the 
observation  that  a  greater  quantity  of  rain  falls  on  a  given  area 
on  the  surface  of  the  ground  than  on  an  equal  area  at  a  consi- 
derable heiglit  above  it ;  it  being  noticed  and  accounted  f5r  ia 
elementary  books  and  lectures  on  meteorology  generally^ 

It  is  more  surprising  that  disputes  should  have  arisen  and 
have  been  carriea  on  from  time  to  time  in  a  scientific  pubhca^ 
tioQ,  whether,  on  a  given  area,  an  equal  or  a  smaller  quantity  of 
fain  drops  would  be  received  if  falling  obliquely,  than  when  fall- 
ing  perpendicularly,  cateris  paribus;  it  being  a  subject  of  easy 
demonstration,  and  probably  by  the  greater  part  of  your  readeis 
perceived  to  be  so,  although  some  of  the  disputants  seem  to 
eoatinue  in  their  first  error. 

There  is,  however,  a  cause  of  the  different  indications  of  simi- 
le fain-guages  under  the  circumstances  that  have  led  to  the 
discussion,  which  I  iiave  not  seen  any  where  noticed,  dud  il 
for  this  reason  I  trouble  you  with  this  letter. 

If  We  suppose  rain  drops  to  proceed  at  uniform  relative  dis- 
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.  tBOHces  from  each  other  out  of  a  cloud  of  given  magnitude 
extending  horizontally  over  a  certain  area  of  land,  whether  those 
rain-drops  fall  perpendicularly,  or  proceed  with  a  motion  derived 
from  a  projectile  force  received  in  the  upper  regions,  the  lines 
described  in  their  fall  will  be  parallel  to  each  other,  and  the 
space  they  fall  on  on  the  surface  of  the  earth  will  be  in  either 
case  equal  to  the  area  of  the  cloud :  in  one  case^  immediately 
imder  the  cloud ;  in  the  other,  at  some  distance  from  it.  In 
either  case,  similar  ndn-guages  would  receive  equal  quantities 
wiA  each  other.   This  cannot  admit  of  serious  dispute ;  but 

,  irtien  we  consider  that  the  oblique  fall  of  rain-drops  is  gives 
them  by  the  motion  of  the  medium  through-  which  tiiey  pass, 
and  that  when  that  medium  (the  wind)  with  its  rain-drops 
impinge  against  any  opposing  surface,  the  rain-drops  are 
retained  bv  that  surface,  while  the  volume  of  wind  pioctcds  dis- 
charged ol  that  rain,  the  case  is  altered ;  for  it  becomes  evident 
that  an  eddy  of  reverberated  wind  actually  contains  a  smaller 
quantity  of  rain  than  is  contained  in  an  equal  volume  of  uninter- 
rupted wind. 

Suppose  now  a  wall  extending^  on  a  plain,  and  the  rain  in  its 
oblique  fall  beating  against  the  tace  of  this  wall,  and  two  rain- 
giiages,  placed  one  on  each  side  of  the  wall  at  the  base,  and  a 
third  on  the  top.  If  the  ol)liqiie  direction  of  the  rain  were 
owing  to  an  ongmal  projecting  force,  one  of  those  at  the  base 
would  receive  no  rain  at  all ;  but  the  other,  and  the  one  at  the' 
top,  would  receive  equal  quantities  Jwith  each  other  (putting  out 
or  question  the  trifling  difference  of  accumulation  of  drops  failing 
through  the  small  perpendicular  space  between  them)  and  those 
quantities  would  be  equal  to  those  of  simiilar  ^ages  placed  on 
tne  uninterrupted  plain.  But  since  the  oblique  direction  is 
owing  to  the  horizontal  motion  of  the  stratum  of  air  throogh 
wfaicn  the  rain  passes,  we  ought  to  expect  the  upper  guage  to 
receire  less ;  for  the  volame  of  air  that  beats  against  the  wall  is 
Hot  annihilated,  but  must  rise ;  and  passing  over  the  wall  passes 
over  the  upper  guage  discharged  of  rain,  driving  away  an  equal 
volume  of  saturated  air.  We  may  also  expect  the  one  at  tiie 
base  even  at  the  windward  side  to  receive  less  than  others  at  a 
distance  from  the  wall,  for  part  of  the  wind  must  be  reverberated 
over  that.  In  short  there  will  be  a  general  mixture  and  confu- 
sion  of  saturated  and  emptied  volumes  of  air  disturbing  the 
indications  ui  ail  the  guages  within  the  influence  of  the  eddies  of 
wind. 

Take  another  case, — Suppose  an  extended  plain  abruptly 
broken  by  a  perpendicular  cliti'into  two  ditferent  levels.  Say,  a 
cliff  running  from  north  to  south,  and  on  the  west  side  of  it  a 
high  level  plain,  and  on  the  east  side  a  plain  on  a  lower  level. 
Place  n  rriiii-guage  on  the  edge  of  the  clilf.  Suppose  a  driving 
rain  with  a  west  wind.  This  guage  will  receive  its  due  quantity 
of  rain  equally  with  others  on  the  open  j^ain.   But  suppose  a 
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driTiD^  rain  with  an  east  wind.  In  this  case  it  ought  to  reeetye 
mich  less,  because  the  face  of  the  cliff  will  receive  all  the  raia. 
contained  in  the  wind  driven  against  it,  and  will  drive  upwaida 
die  wind  discharged  of  rain.  If  the  wind  drives  up  a  slope^ 
instead  of  a  perpendicular  wall  or  cliff,  tiie  same  thing  will  bap- ' 
pen  in  a  less  degree ;  and  all  irregularities  of  surface  .w91  more 
or  less  disturb  Ske  equality  of  distribution  of  rain;  and  that  ia 
different  degrees  under  difierent  directions  of  the  wind.  It  i» 
ako  evident  that  as  the  ratn  driven  away  by  the  eddies  must  fall 
somewhere,  it  will  fall  in  increased  quantities  in  irregular  por- 
tions elsewhere,  and  this  will  double  the  difference  of  mdication 
oi  guaijes  at  no  great  distance  from  each  other. 

I  am,  Sir,  your  obedient  serv  ant, 

Richard  Davbnpobt. 


Article  VIII. 
On  the  Machine  Jor  measuring  a  Ship^s  Way  by  the  Log  Line* 

(To  the  Editor  of  the  Annals  of  Philosophy.) 
MY  DEAR  SIR, 

Thb  enclosed  communication  I  received  from  a  gentleman  of 
jppeat  lespectabiliW  in  Denmark.  You  will  oblige  me  by  insert- 
log  it  in  the  Anneis  of  Philosophy,      Very  truly  yours, 

O.  FORGHHAMMER. 

♦   

Nothing  is  more  probable  than  that  two  different  persons  may, 
have  conceived  similar  ideas  on  any  particcdar  subject ;  and  when 
the  inventions  to  which  they  give  nse  prove  of  essential  utility, 
it  is  but  just  that  each  should  enjoy  the  honour  that  really  is  due 
to  him. 

It  is  stated  in  the  Journal  of  Science  and  Arts,  edited  at  the 
Royal  Institution  of  Great  Britain  (voh  ii.  p.  90),  that  Mr.  New- 
man has  claimed  to  be  the  first  luveiitor  of  a  machine  formeasur-  - 
'ing  a  ship's  way  by  the  log  line.  This  is  stated  to  be  efiected 
by  means  of  a  sort  of  watch  which  is  to  serve  on  board  of  ships 
in  lieu  of  the  usual  sand  glasses  of  one-t^uarter,  one-half,  or  one 
whole  minute. 

Mr.  Newman's  desc  ription  of  his  machine  is  as  follows  : 
"The  quarter  and  half  minute  glasses,  in  general  used  for 
meaf^nring  a  ship's  way  have  always  been  found  yery  irregular. 
Hiis  irregularity  arises  from  various  causes,  and  particularly  the 
state  of  the  atmosphere  at  different  times,  and  m  various  lati- 
tudes ;  and  even  when  they  are  new,  it  is  scarcely  possible  to 
find  two  that  will  run  out  in  the  same  time* 
•  'New  Series,  vol.  i.  h 
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*'  Ais  the  log  line  is  in  creneral  use  for  measuring  a  ship's  way, 
it  Is  evident  that  so  inadequate  a  method  of  ascertaining  the  por- 
tion of  time  required  must  introduce  many  errors  into  tl\e  esti- 
Uiate  made  of  the  velocity  and  progress  of  the  vessel;  and  a 
smaily  simple,  and  correct  machine  that  can  be  depended  upon 
for  this  purpose  appears  to  be  a  very  desirable  improvement. 

*^  A  small  mactime  which  I  have  invented^  and  which  has  had 
the  decided  approbation  of  many  naval  officers,  appears  to  pos- 
sess every  requisite  for  the  pmpose  to  which  it  is  mtended  to  be 
applied.  It  is  enclosed  In  around  brass  box,  three  inches  and  a 
half  in  diameter,  and  one  and  a  half  in  depth.  It  has  a  dial,  the 
circumference  of  which  is  divided  into  6u  parts.  In  the  centre 
IB  an  index,  which  is  carried  round  bv  the  machine  once  iir6(y^, 
or  one  minute*  At  the  15th,  30th,  45th,  and  60th  second,  are 
holes  made  in  the  dial  through  which  pins  are  pushed  up  or  down 
by  small  buttons  on  the  outside.  The  dial  is  covered  in  by  a 
strong  glass. 

"  when  the  machine  is  used, being  wound  up,  the  index  is  to 

be  rilaiiied  at  60^^  bv  putting  the  pin  ii])  at  tnat  division.  If 
then  U/'  are  to  be  coanted,  the  pin  al  lo'  is  to  be  put  up,  and 
the  uionient  the  loir  i^^  dt  hvered,  that  at  60''  depressed  ;  the 
index  iuj mediately  advances,  and  contumes  in  motion  until 
stopped  at  W.  U30'\  or  45'',  or  60'',  are  to  be  told,  the  pin 
belong! no  to  the  number  required  is  to  be  put  up,  and  the  tune 
told  as  before. 

The  beats  of  the  niachnie  c  an  be  heard  ai  a  considerable 
distance,  and  the  moment  at  which  it  stops  so  readily  distin- 

tuished  that  it  may  be  used  as  well  in  a  dark  night  as  during 
ay,  or  by  a  li^ht ;  and  as  it  is  perfectly  ac/Curate,  very  strong 
and  veiy  portable,  it  seems  well  adapted  to  supply  the  place  of 
those  incorrect  minute  glasses  at  present  in  use  aboard  on  all 
ships.'* 

I  think  it,  however,  a  duty  incumbent  on  me  to  observe,  that 
Kear-Admiral  Lowenorn  (a  gentleman  who  as  a  hydrographer^ 
in  his  capacity  as  Chief  Director  of  the  R^ral  Marine  Chart 
Archives,  has  been  of  essential  service  to  mariners ;  and  besides 
this,  has  caused  great  number  of  lighthouses  to  be  erected  upon 
ibe  Danish  coast,  &€•  &c.)  had  already  conceived  this  very  idea 
seversl  years  before,  and  was  the  immediate  cause  of  the  con- 
struction of  a  watch  by  an  artist,  by  the  name  of  Sparrevogn, 
who  in  the  year  1804  constructed  a  portable  log  watch  in  the  form 
of  a  common  watch,  which  the  person  employ  ed  in  logging  may 
conveniently  carry  about  his  neck,  suspended  by  a  ribbon,  or  in 
any  other  manner.  In  the  very  moment,  the  first  mark  of  tlie 
log  line  has  nm  out  of  the  man's  hand,  he  needs  only  to 
j^ess  up  n  a  spring  of  the  watch,  which  directly  sets  it  going, 
and  the  mdex  shows  exactly  the  full  seconds.  When  the  index 
of  the  watch  points  on  to  the  14th  second  (whichserves  to  denote 
one-quarter  of  a  minute),  this  watch  strikes  a  bell  loudly  in  th# 
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iaside^  so  th^  the  person  who  is  log^ng  fltmy  directl^ry  and  hi 
the  very  same  moment;  stop  the  line  and  count  the  knots ;  l9ie 
watch -meanwhile  continaet  to  go,  and  the  index  indicates  tlifr 
seconds  until  the  28th  seeond  (for  this  division  is  adopted  heie 
for  the  computation  of  our  log),  when  the  watch  again  gives  « 
load  stroke,  and  the  man  at  thatTery  moment  stofw  the  line,  in 
case  he  haa  let  the  log  ran  to  that  moment  which  is  used  whea 
the  ship  runs  at  a  moderate  rate ;  the  watch  is  now  Tun  d0wny 
and  stops  at  once.  It  not  wound  up  in  any  other  mamaert 
this  is'efleded  by  the  pressure  npon  ibe  spnng  by  which  it 
repeatedly  may  be  set  going. 

The  contrivance  appears  to  be  somewhat  superior  to  that 
described  by  Mr.  Newman.  Mr.  Sparrovogn  (tho  above-men- 
tioned Danish  watch-maker,  who  is  now  dead)  made  several  of 
these  log-watches.  The  Danish  Hoard  of  Admiralty  ix  warded  Mr. 
Sparrevogn  with  a  proper  remimeratien,  and  Admiral  Lowenora 
laid  before  the  Royal  Society  of  Sciences  at  Copenhagen  (of 
which  he  is  a  Fellow)  a  drawing  of  the  construction  of  this  watoh^ 
tos^ether  with  an  explanatory  description:  of  it,  which  met  the- 
approbation  of  the  Society. 


Article  IX. 

« 

On  the  Action  of  Cri^stallized  Bodies  on  Homogeneous  Light,  awi^- 
on  the  Causes  of  the  Deviation  from  Newt&n's  Scak  in  tke 
Tints  loAicA  many  of  them  devetope  m  Exposure  to  apolarssed' 
Ray.   By  J.  F.  W.  Herechel,  Esq.  FR8.  Lend,  and  Edin.'» 

Since  the  period  of  the  brilliant  discovery  of  Malus  of  th«< 
polansatioDi  of  light  by  reflection,  the  investigation  of  the  gene* 
nl  fanitt  which  regulate  the  action  of  crystallized  bodies  on  light 
luts  ad?aiieed  with  a  rapidity  tmly  astonishing,  and  the  labours 
oCan  Arago,  a  Brewster,  and  a  Kot,  have  already  gone  far 
towards  completing  the  edifice  of  which  that  distinguished  phi* 
iosopher  laid  &e  foa&dation.  When  Malus  wrote,  the  list  of 
doaUy  refracting  crystids  was  amall,  and  the  most  remarkable 
ttbong  them  posaeasing  only  one  asia  of  doable  refraction,  it. 
IMM  to  have  been  for  some  tune,  tacitly  at  least,  presumed  that 
tte  kw  diaeovcffttd  by  Huygens,  imd  sinNie  re-established,  in  the 
UOit  ngoroun  manner  for  that  'One,t  might  hold  good  in  all. 

^  R«id  bcfoTC  the  Royal  Society  of  London,  Bee  25, 1819- 
t  The  author  of  the  article  oa  Polarisation,  in  the       nuaibeir  of  the  Edinburgh 
Mew,  jost  pDUiahed^  is  guik^  of  a  moat  unpardonable  mlatdEe,  in  wmt&ag  (p.  188), 
UMicible  mm  Dr.  Brewsfeer^s  csperimeDlh  that  the  Huygenian  law  is  InaorrMf,  Ibr 

carlwnale  of  little.  Dr.  Brewater'iS  general  formula  for  crystals  with  twn  axes  resolve 
tJimselves  into  the  Huvgetiian  law  when  the  axes  coincide-  of  which  case  it  is  only  an 
tiEteaiioQ.'  That  esoeUent  |^uloao|^er,  ^  1  understand  ii^ngiish,  in  tlie  para^raj^ 
ijU^'giTe  liie  to  ih»  ttxugiB  aiwnfati,  only  mMat  to  Mm  liis  epiniaa  OM  k 

'  Digitized  by  GoQgle 


116  Mr.  Htmhd  OH  the  Action  of  [Fb»* 

The  discovery,  by  Dr.  Brewster,  of  crystals  possessing  two  axes 
of  double  refrection,  or  two  directions  in  which  a  ray  may  pene- 
trate their  substance  without  separation  into  distinct  pencils,  has 
proved  the  fallacy  of  any  such  generalization,  and  rendered  it 
Oiecessary  to  enter  on  a  far  more  extensive  scale  of  investigation. 

There  are  two  methods  which  may  be  pursued  in  observations 
^Ob'double  refraction  and  polarisation,  the  one  direct,  the  other 
•  indirect.   The  former  turns  on  immediate  observations  of  the. 
aimilar  deviation  of  the  extraordinary  pencil,  and  is,  of  course, 
oofy  applicable  when  the  forces  which  act  exclusively  on  the  rays 

-  composmg  it  are  sufficiently  intense  to  cause  a  sen  iible  separa- 
tion of  the  two  pencils.  Tnere  exist»  however,  a  multitude  of 

-  ocystab  in  which  the  force  of  double  refraction  is  so  feeble  as  to 
<(Mdace  scarcely  any,  or  at  most  a  very  inconsiderable  deviation* 

-  of  the  extraordinary  ray,  and  in  which,  consequently,  the  laws  of 
•«  double  rrfraotion  eould  neither  be  investigated  nor  verified, 

without  having  recourse  to  some  artificial  means  of  magnifying 
^  the  <}uantity  to  be  observed ;  a  thing  easy  enough  in  theory,  but 
requiring,  m  practice,  the  greatest  nicety  on  the  part  of  the 
observer,  and  in  many  cases  altogether  impracticable,  from  the 
iphysical  constitution  of  the  crystals  themselves.  The  indirect 
method  depends  on  the  discovery  of  Arago,  scarcely  inferior  in 
intrinsic  importance  to  that  of  Malus,  of  the  separation  of  a  pola- 
rised ray  into  complimentary  portions  by  the  action  of  a  crystal- 
lized lamina.  It  was  reserved,  however,  for  the  genius  of 
M.  Biot  to  trace  this  striking  phenomenon  to  its  ultimate  causes, 
in  the  action  of  crystals  on  the  differently  coloured  rays,  and  to 
develope,  in  a  simple  and  elegant  theory,  the  successive  grada- 
tions by  which  the  polarisation  of  a  ray  in  its  passage  through  a 
doubly  refracting  crystal  is  performed  ;  while,  on  the  other  hand, 
the  splendid  phenomena  of  the  polarised  rings,  which  we  owe  to 
Dr.  Brewster,  have  established  the  connection^  of  the  tints  so 
polarised  with  the  force  producing  the  deviation  of  the  eztraor- 
dinary  pencil,  and  shown  the  legitimacy  of  conclusions  respect- 
iiig  ine  intensity  of  the  latter,  drawn  from  obsmations  on  the 
'  former. 

This  indirect  mode  of  observation,  which  consists  in  noticing 
the  gradations  of  cdpur  for  different  positions  and  thicknesses 
of  die  crystal,  possesses  three  capital  advantages.  .  The  first  is 
its  extreme  sensibility,  which  enables  us  to  detect  the  existence, 
and  measure  preciseqr  the  intensity  of  forces,  far  too  feeble  to 

f roduce  any  measurable  deviation  of  the  extraordinary  penciL 
t,  in  fact,  affords  the  rare  combination  of  an  almost  indefinite 
eiilar^meht  of  our  scale  of  measurement,  with  a  possibility  of 
applymg  it  precisely  to  the  object  measured,  arising  from  the 
distinctness  of  all  its  parts.  Another,  no  less  precious,  is  the 
leading  us  by  mere  ocular  inspection  to  the  laws  of  very  compli- 
cated phenomena,  and  enabling  us  to  form,  and  mould,  as  it 
were,  our  analytical  formulae,  not  on  a  laboriouS|  and  sometimes 
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deceptive  discussion  of  tabulated  measures,  baton  the  actual 
form  of  the  curves  themselves,  which  are  loci  of  the  functions 
under  consideration.  It  is  true,  that  a  reference  to  tabulated 
measures  is  indispensable  to  ^ve  precision  to  such  first  approxi- 
matioDS ;  but  the  power  this  mode  of  observation  afibnls  of 
copying  our  outline  fresh  irom  nature,'  and  from  the  general 
impression  of  the  phenomena,  brought  at  once  under  our  view, 
is  an  advantage  not  to  be  despised.  Nor  ought  we,  lastly,  tO' 
omit,  in  our  estimate  of  advantages,  the  means  thus  afforded  vm 
of  subjecting  the  minutest  fragments  of  a  crystal  to  a  scrutiny 
as  severe  as  the  most  splendid  specimen,  apd  thus  extending  our 
researches  to  an  infinitely  greater  variety  of  natural  bodies  than 
we  could  otherwise  hope  to  examine. 

In  order,  however,  to  render  observations  on  the  tints  deve- 
loped by  polarised  light  available,  they  must  be  comparable  to 
each  other;  and  it,  therefore,  becomes  aa  object  of  the  first 
importance  to  ascertain  the  existence,  and  discover  the  laws,  of 
any  causes  which  may  operate  to  disturb  their  regularity.  Ever 
since  I  first  engaged  in  experimental  inquiries  on  the  polarisa- 
tion of  light,  I  was  struck  by  the  very  considerable  deviation 
from  the  succession  of  colours  in  tiiin  lamirvae,  as  observed  by 
Newton,  which  many  crystals  exhibit  w  hen  cut  into  plates  per- 
pendicular to  one  of  their  axes.  I  at  first  attributed  this  to  a 
want  of  perfect,  rerrularity  in  their  structure,  or  to  inequalities  in 
their  thickness,  arismg  from  my  own  inexpertness  in  grinding 
and  polishing  their  surfaces;  and  it  was  not  till  habit  had  ren^ 
dered  me  familiar  with  all  the  usual  causes  of  deception,  that>, 
finding  the  same  phenomena  uniformly  repeated  in  differe^^t  and 
perfect  specimens^  my  curiosily  became  excited  to  inquire  into 
their  cause,  the  more  so  as  they  now  began  to  assume  the  form» 
'  of  a  radical  and  unanswerable  objection  to  the  theory  of  M.  Biot, 
above  alladed  to^  which  affords  so  perfect  an  explamition  of  the 
tints  in  ciystals  with  one  axis. 

These  phenomena  have  not  escaped  the  vigilance  of  Dr- 
Brewster.  In  his  naper  of  1818,  he  distinctly  notices  the  fact  of 
a  deviation  from  Newton's  scale,  in  crystals  with  two  axes,  anil 
promises  a  more  detailed  account  of  it,  which,  however,  has  n^ 
yet  appeared.  But  the  object  of  the  present  communication  is 
not  thereby  anticipated,  as  in  the  only  passage  in  that  paper  aa 
which  he  expresses  himself  otherwise  than  obscurely  on  its 
cause,  he  appears  to  regard  the  deviated  tints  as  analogous  to 
those  developed  along  the  axis  of  rock  crystal  and  by  certain 
liquids  ;  an  analogy  which,  in  the  present  state  of  our  knowledge 
on  that  perplexing  subject,  it  seems  not  easy  to  admit.  In  a 
paper  too,  which  has  lately  appeared,  containing  the  interesting 
oteervations  of  the  same  excellent  philosopher  on  the  optical 
structure  of  the  apophyihte,  he  remarks  the  very  striking  devia- 
tion of  the  colours  of  this  crystal  from  Newton's  scale    in  the 
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first  orders  "  oi  its  rings ;  and  while  he  remarks  that  such  devia- 
tions are  common  enough,  and  indeed  universal  in  crystals  "  in 
which  the  rin^s  are  formed  bv  the  joint  action  of  two  axes," 
seems  to  think  this  analogy  close  enough  to  authorize  the  sub- 
stitution of  two  rectangular  axes  of  a  negative  character  for  the 
single  positive  axis  actually  observed,  according  to  his  owti 
peculiar  and  ingenious  views  on  this  subject.  I  lost  no  time  in 
endeavouring  to  procure  a  specimen  of  this  mineral^  and  by  the 
kindness  of  my  fnend,  Sir  Samuel  Young  (to  whom  I  owe  more 
than  one  obligation  of  this  nature)  was  favoured  with  one  suffi- 
ciently transparent  for  optical  examination.  From  my  observa- 
tions on  this  body,  I  think  I  shall  be  able  to  demonstrate  satislao- 
torily  that  the  phenomena  of  the  apopbyliite  depend  on  a 

SriBciple  distinct  from  that  which  produces  the  chief  part  of  the 
eviation  of  tints  in  most  crystak  with  two  axes. 
The  course  I  propose  to  pursue  is^  first,  to  describe  the  phe* 
^omena  themselves.   I  shall  then  show  how  these  phenomena^ 
complicated  as  they  are  in  appearance,  are  all  reducible  to  one 
very  simple  and  general  fact;  viz.  that  the  axes  of  double 
refiiaction  differ  in  their  position  in  the  same  crystal  for  the  dif- 
ferently coloured  rays  o^^  the  spectrum,  being  dispersed  in  one 
plane  over  an  ant;Ie  more  or  less  considerable,  according  to  the 
nature  of  the  substance.    In  many  bodies,  the  magnitude  of  this 
dispersion  of  the  axes  is  comparatively  trifling,  while  in  some, 
not  otherwise  remarkable  for  a  high  ordmary  or  extraordinary 
dispersive  power,  it  is  enormous,  and  must  render  all  computa-' 
tion  of  the  tints  in  which  it  is  not  taken  into  consideration,  com- 
pletely erroneous  ;  and  indeed  obliterating  almost  every  trace  of 
the  Newtonian  scale  of  colour.    We  have  here  then  a  new  ele- 
ment, which,  for  the  future,  must  enter  into  all  formulae  of  double 
refraction  pretending  to  rigour,  and  at  the  same  time  are  pre- 
sented witfi  another  very  striking  instance  of  the  inherent  dis- 
tinction between  the  dmerently  coloured  mplecules  of  light, 
.which,  since  the  time  of  Newton,  every  new  step  in  optical 
science  has  tended  to  place  in  a  stronger  point  of  view.   At  the 
i^ame  time,  by  the  easy  and  complete  explanation  this  principle 
affords  of  all  the  more  perplexing  anomalies  in  the  tintSj  the 
j^eory  of  alternate  polarisation  to  which  they  were  hitherto  so 
^.j^dnajble  and  ibrmiqable  an  pbjection,  stands  relieved  firomeveiy 
*dimcidty,  and  may  now  be  received  as  fpUy  adequate  to  ttie 
.  jjepreseoitation  of , all  the  phenomena  of  ihe  polarised  rings,  and 
.entitled  to  rank  with  the  fits  of  easy  transmission  and  re^ectios, 
M  a  general  and  simple  physical  law.   In  fact,  if  we  investigatie 
J>y  this  theory  a  general  analytical  expression  of  the  tint  dev^ 
.Iqped  for  any  position  and  thickness  of  the  plate,  taking  this 
, element  into  consideration,  it  will  be  found  to  include  all  the 
phenomena,  as  far  as  they  caa  t)e  computed  •  while  the  law  of 
iii^persion  reuiaiub  uukuown.   But  we  may  go  yet  further.  ThfS 
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nature  of  the  fonmda  fumish^s  an  equatioa  by  which  the  actuat 
quantity  of  the  separation  of  the  extreme  red  and  violet  axes 
mav  be  deduced  from  obserrations  of  the  tints  of  a  very  simple 
and  accurate  nature,  being  perfectly  analogous  in  principle  ta 

the  method  of  coincidences,"  which  has  of  late  been  applied 
with  such  success  to  the  mo.^t  delicate  investigations  in  every 
department  of  physical  science.  The  comparison  of  the  results 
afforded  by  that  equation  with  those  deduced  bv  direct  observa- 
tion on  homogeneous  light ;  while  it  leaves  notiung  to  desire  in 
point  of  accuracy,  leads  to  -diiother  important  result,  viz.  that  the 
proportionality  of  the  mnurnum  length?^  oftlip  periods  performed 
by  differently  coloured  molecules,  in  a  doubly  retiactuig  crystal, 
to  the  lengths  of  their  fits  of  easy  reflection  and  transmission, 
supported  as  it  is  by  an  induction  of  no  ordinaiy  extent  and 
accuracy,  is  yet  not  universal,  admitting  a  deviation  to  a  very 
large  amount.  Hence  must  of  course  arise  a  kind  of  secondary 
deviation  in  the  scale  of  tints.  )n  crystals  with  two  axes,  how 
ever^  this  is  masked  by  the  much  more  powerful  effect  of  the 
separation  of  the  coloured  axes ;  yet  even  there,  is  not  altoge* 
iher  insensible  in  an  extremexase.  In  the  apophyllite,  however, 
the  agen^  of  this  secondary  cause  is  placed  m  the  fullest  evi* 
dence.  The  appHcation  of  our  general  formula  to  the  anomalous 
tints  of  that  body^  while  it  proves  incontestably  the  exact  coinoi- 
dence  of  the  axes  for  all  we  coloured  rays,  points  out  at  the 
saw  ttme  a  peculiarity  in  its  action  on  the  more  faioan^ble 
extremity  of  the  ^pectrum^  of  a  nature  so  singular,  so  entiurely 
without  example  in  aU  the  multitude  of  natural  and  aitiflcifu 
bodies  hitherto  examined,  as  to  render  me  extremely  desirous  of 
prosecuting  the  research,  w  ith  the  aid  of  more  perfect  specimens 
and  unproved  methods  of  observaLiuii. 

Having  arrived  at  the  general  result  oi  a  disuersiuu  of" the  axes 
by  the  sole  consideration  of  the  gradation  of  tints  in  plates  of 
various  thicknesses,  it  becomes  interesting  to  verify  it  by  direct 
and  independent  observation.  This  I  have  accordingly  done  ; 
and  the  fortunate  discovery  of  a  sub.^tance  in  which  it  is  of 
enormous  magnitude,  puts  it  in  our  power  to  render  the  fact 
sensible  to  the  eye  of  the  most  unpractised  observer,  by  ^a, 
exceedingly  simple  experimeuty  to  be  described  in  its  place » 

II.  Of  the  general  Phenomena  of  Crmtah  which  devefope  Tints 
deviating  from  Neivton^s  Scale,  bj/  Exposure  to  polarised  Light* 

In  describing  the  phenomena^  I  shall  at  present  confine  myself 
to  the  tints  developed  along  the  principal  section  of  the  c^std, 
which  is  siq>posed  placed  in  an  soimuth  45^  with  th  plane  of 
piimitive  pohrisation.  The  observations  of  the  tints  in  this 
position  are  most  easily  nuule,  and  least  liable  to  engi,  and  wee 
shall  see  presently  that  it  would  be.superfluous  as^veU  9s  emb^-. 
lassing  to  examine  other  situations^  the  law  of  the  phenomena 
beiiig^  cen^tetdy  dedu<^Ie  from  tha.  tn  this  series  of  obserm- 
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tions,  then,  we  traverse  the  polarised  rincrs  (PI.  IV.)  fig  1  ,*  in  the 
direction  of  their  axis  of  symmetry  A  iV,  passing  through  their 
poles  P,  P',  and  centre  O.  Now  if  we  subject  to  this  examina- 
tion any  one  of  the  following  substances : 

"Sulphate  of  soda  ?  Arragonite, 

Sulphate  of  baryta,  Sugar, 

Nitrate  of  potash,  llypohulphite  of  strontia, 

it  will  be  seen  that  the  tints  between  the  poles  P  P^  corrcsnond 
to  lower  orders  of  colour  than  would  result  from  assuming  P, 
as  the  origin  of  the  scale,  and  agree  much  better  with  the 
assumption  of  certain  points  j>,  p\  without  the  poles,  as.their 
zero,  or  commencement  of  the  scale.  The  poles  themselves  too 
instead  of  beinff  absolutely  black,  are  tinged  with  colour ;  and 
the  tints  beyond  them,  instead  of  descending  in  the  scale  from 
the  poles  outwards,  continue  to  rise  till  they  reach  their  maxi* 
mum  (which  is  a  white,  mure  or  less  brilliant,  or  an  absolute 
black)  at  the  points  p,  ;  after  which  they  descend  again  to 
inhnity.  Not  that  in  any  case  they  coincide  precisely  with  the 
scale  of  Newton,  even  with  this  correction,  but,  except  in  extreme 
cases,  approximate  to  it  within  some  moderate  limit  of  error. 

If,  on  tne  other  hand,  we  examine  in  the  same  manner  one  of 
the  following  bodies : 

Tartrate  of  soda  and  potash,  Sulphate  of  magnesia. 

Borax,  Topaz, 
Mica, 

it  will  be  found  that  the  imaginary  points,  p,  p^  (which  we  shall 
call  the  virtual  poles),  from  which  the  tints  must  be  reckoned 
inwards  and  outwards,  to  produce  the  nearest  possible  agreement 
with  Newton's  scale,  lie  between  the  poles  P,  P'. 

In  aU  these  crystals,  as  the  thickness  of  the  plate  examined 
'  increases,  the  virtual  poles  p  recede  from  tne  actual  ones 
P  P^,  at  least  in  respect  of  the  number  of  alternations  of  colour 
which  intervene  between  them :  in  other  words,  the  tint  deve- 
loped in  the  poles,  or  alon^  the  apparent  axes  of  the  crystal, 
descends  in  the  scale  of  cofour,  as  the  thickness  df  the  plate 
incieases,  and  vice  versa^  In  very  small  thicknesses,  the  tints 
^approximate  pretly  closely  to  Newton's  scale,  or  wholly  coincide 
widi  it,  while  in  yery  great  ones,  the  tint  developed  in  the  poles 
is  Ae  composite  white  of  the  extremity  of  the  scale.  The  angu- 
lar distance,  however,  of  the  virtual  poles  from  each  other  and 
from  the  axes,  remains  absolutely  unchanged  ibr  all  thicknesses; 
-and  this  striking  fact,  which  I  have  proved  by  numerous  and 
satisfactory  experiments,  was  first  suggested  for  examination  a& 
a  result  of  theory,  and  would  equally  hold  good,  as  will  pre- 
sently be  proved,  for  every  conceivaUe  law  of  double  refraction. 

•  The  whole  of  the  figures  in  this  ftftt  not  bdag  wAiiid  to  in  the  prctcnt  pert, 
Ihltintt  btgimcMni  with  tfaewnaind«riirthcpqp«,intfaeMtitn«Bib«r«P^>M 
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The  substances,  which  I  have  examined  most  attentively,  are 
sulphate  of  baryta,  nitre,  mica,  and  Rochelle  salt,  and  the  sub- 
joined tables  of  tints  developed  for  different  inclinations  in  plates 
of  the  first  and  last  of  these,  may  serve  a?;  examples  of  the  mode 
of  action  of  the  respective  classes  to  which  they  belong  on  light, 
and  will  afford  data  for  some  calculations  to  follow.    The  nrst 
two  columns  contain  the  inclinations  corresponding  to  similar 
tints  of  the  incident  ray  on  the  moveable  plate  which  carries  the 
ciystal,  in  the  general  apparatus  imagined  by  M.  Biot  for  obser- 
vations of  this  kind.   Were  the  plate  cut  in  a  direction  precisely 
perpendicular  to  the  optic  aiis  (or  line  bisecting  the  anglenetween 
those  of  double  refraction),  and  adjusted  wim  perfect  accuraigr 
on  the  instrument,  the  excesses  or  defects  of  these  angles  above 
or  below  90^  would  represent  the  angles  of  incidence.  Neither 
of  diese  condittoiis  were,  of  course,  exactly  fulfilled.   Bat  it  is 
obvious  that  the  small  errors  in  these  -partici^rs  (which  were 
ascertained  not  to  exceed  1^  or  2°)  must  affect  the  computed 
angles  of  refraction  on  both  sides  of  the  perpendicular  with 
equal  and  opposite  errors.    The  same  may  be  said  of  any  error 
arising  from  a  slight  prismasticity  of  the  plate,  which,  however, 
must  have  been  extremely  small,  the  plate  having  always  been 
rendered  parallel  by  the  delicate  test  of  the  spheerometer,  \vithm 
a  very  few  divisions.*    Consequently,  in  calculating  on  these 
data^  the  mean  angle  of  refraction  determined  by  the  simultane- 
ous use  of  both  observations  (their  semi-difference  being  taken 
for  the  ancrie  of  incidence),  mav  be  expected  to  differ  from  the 
truth  by  an  extremely  minute  quantity.    The  third  column  con- 
tains the  tint  developed  in  the  ordinary  pencil,  and  the  fourth  in 
the  extraordinary.   The  last  notices  the  remarkable  points  in 
the  systemi  of  rings  to  which  the  tints  and  angles  in  tne  other 
columns  correspond.  The  positions  of  the  poles  were  determined 
by  interposing  a  red  glass  between  the  crystal  examined  and  the 
reflector  usea '  to  polarise  the  incident  light.   The  glass  used  for 
this  purpose  was  of  that  kind  occasionally  found  m  old  chnidi 
irindows,  and  whose  manufacture  seems  to  be  numbered  amone 
arts  now  forgotten.   It  transmits  almost  the  whole  of  the  red 
lays,  and  part  of  the  orange ;  while  it  completely  stops  all  the 
noie  refrangible  colours.  I  liave  endeavouriMl  in  vain  to  procure 
a  snecimen^  whose  timits  of  transmission  are  more  confined. 
Sttch  are  said  to  exist,  though  very  xare  ;  and  in  the  absence  of 
aafih^  the  indications  of  that  employed  may  be  taken  to  coires* 
pond  to  the  mean  red  rays. 

«  Eadi  equal  to  dM  SSSOMi  pait    Ml  Mk 
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Ta^lb  I. — Sulphateaf  Baryta,  Thickness  of  Plate  :=O*11904tii. 
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In  thisjglate^  the  virtual  poles  correspond  Feiy  nearly  to- the 
second  miiumum  of  the  extraordinary  pencil  beyond  the  poles 
P  P^.  The  same  plate  was  now  .reduced  by  grinding  to  the 
thickness  X)*08816  inch.    In  this  operation,  care  was  taken  to 

grind  away  the  side  of  the  plate  most  distant  from  the  eye  only, 

kavinpr  the  other  perfectly  untouched  and  unimpaired  in  its 
polish.  The  plate  being  reduced  to  exact  paraUehsm  by  the 
sphaerometer  was  a^ain  exaiuiiied,  the  same  side  still  remaiaing 
next  the  eye.  By  this  arrane;ement,  the  same  ane:les  of  emer- 
gence from  the  posterior  surtace  correspond  riguiously  to  the 
same  directions  ot  the  ray  in  the  interior  of  the  crystal,  with 
respect  to  the  axes  of  its  molecules  ;  and  thus  we  avoid  com- 
pletely any  errors  which  might  arise  from  using  plates  cut  at 
different  angles,  it  being  almost  impossible  to  cut  two  pktiBS 
fnoBtfy  alike  in  this  respect. 

Table  Ih^Sulpkate  <^ Baryta.   Thickness  tsz  0*08816  in. 


Corresponding 

inclinations. 


580  (y 

I 

&&51 
54  5 


120O  0' 
120  47 

122  J5 

m  0 

125  33 


Ordinmry  penciL 


187  0 


50  0 

188  ao 

is  40 

ISO  0 

47  35 

ISl  10 

47  10 

131  S8 

46  7 

132  33 

45  3 

1S3  45 

V'  33 

134  30 

4S  36 

135  15 

42  23 

136  30 

40  W 

138  0 

»ao 

m  50 

Pink,  Tefging  4o  (Range 

yelloir  v.. 

VpIIow  •••••« 

Piilc  yellow  

Greenish  white  

Light  blue  

Hark  Une  

Sombre  purple  

Very    indili'erent  sombre 

pink  

Pale  ydlow  «  

White  

Very  pale  violet  white  .... 
Very  sombre  violet,  ahnost 

bbck  

Sombre  and  dii^ 

green  

Very  pale  blue  

White  

VT  mm*  »•••  ^» 

Orange  ulule.  .••.««•••.. 

Plight  orange .   

Bright  scarlet.   

Narrow  crimson  

Purple.   

Blue  

Rluisb  wliite  

Yellowish  or  greenish  white 

Orange  yellow  

Rich  crimson  

Purple.   

Hripht  bliK*. . . 

Good  green  

Rich  pink  

Good  gneu, Wtpeie. «... 

Pink  red  

Pale  bluish  green  

pmlci.  ••••••••.••4  ■ 


S: 


Bhte,  amiMvhit  giwnish 

Dark  blue  • 
Purple 

Pink  

YcUew^y  veigmg  to  orange 
Bright  ydloir 
VeUowwUie 

Bluish  white 
Dark  iiiil^n  lllliie 
Sombre  violet 
Dusky  giMDiflh  ycOow 


« • 


numedn^ 

Tints  beypod 
the  poles.  ' 


Puie  brilliant  white. 


White,  rather  ruddj 
Orange  white 

Sombre  orange  or  brick  red 

Nenew  pux]^ 

Blue 

Pale  blue 

IJluish  white 

White 

White 

Vellow 

Kich  crimson 

Purple 

Bright  blue 

Oreen 

Good  yellow 

Pink  yellow 

Kich  pink  or  crimson 

Splendid  gteeb 

Pinkish  white 

Fine  pink 

Greenish  blue  ' 
Pale  pink 

Very  pale  greeniih  Mae 


Virtual  poles 


Digitized  by  Google 


'124  Mr.  Henchdcn  the  Actum  pf  [Pxb. 

In  this  plate  the  virtual  poles  correspond  to  the  second  maxi- 
inura  of  the  extraordinary  pencil.  It  is  needless  to  detail  the 
tints  between  the  poles.  The  same  plate  once  more  reduced 
with  the  same  precaution  to  leave  the  posterior  surface  un- 
touched, developed  the  ioliowing  series  of  colours  beyoad  the 
poles. 

^  Table  111. — Sulphate  of  Barj/ta.    TJuckness  =  0  0o768  in^ 


CkMrrespondmg 
indizuuioiis* 


60  SO 


57  55 

57  50 
57  20 

55  40 
55  3S 


5S  40 
98  S7 


51  S 


122°  50' 
183  21 


126  3 
126  7 
126  33 
187  90 

128  2 
128  20 
128  30 

130  10 
ISO  30 


IS2  20 
132  40 


ddnuny  pcndL 


JSxtfMfdiiiiiy* 


Fine  yellow  •••••  

Fale  yellow  

White,  inclining  to  yellow. 

Rkishwlnfte  

Indigo..  «•....  • 

Sombre  purple.  

Sombre  reddish  violet  ... 

Dirty  violet  yellow  

Pale  yelloir*  

White  , 

Pure  brilliant  white  

White  

PbkflHHll^*  ••••••••••• 

Sombre  orange^r  biidc  red 
Sombn .  and  ntaifw  puple 

Blue  

Fale  blue  

BhiiihiHiiiie  

White  

PiJ«  ydlow»  to  &c  . . 


Indigo.  , 

Purple 

Oull  crimson  red. 
DuU 
Yellow 
White 
White 
White 

Violet  white 
Sombre  vioUt 

Black.   , 

Sombre  dirty  ^een 
^ale  dii^  U&h  green 
White  ' 

White 

Rudd}'  white 
Orange 
Orange  led 
Narrow  crimson 
Purple,  Ac  StA 


Polo^,  for  tlte 
mean  red  rays 
Tints  beyond 
t'tepokn 


ViiUuI  poki 


Here  the  virtaal  pedes  correspond  precisely  to  the  first 
miniiniim  of  the  extraordinary  pencil. 

In  a  plate  of  Rochelle  salt,  cut  nearly,  bnt  not  quite  perpendi- 
cular to  the  optic  axis,  and  whose  thickness  was  0*11^4^25  in. 
the^  lines  beyond  the  poles  were  almost  entirely  obliterated, 
iriiile  those  between  them  exhibited  the  following  singular  suc- 
cession of  colours,  which  will  show  to  what  an  extent  Uie 
lion  firom  Newton's  scale  is  canried  in  this  sobstanceb 
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Table  IV. — RocheUe  Salt,  perpendicular  to  the  Optic  Axis. 

Thickness  =  0-194425 


Corresponding 


SOT  10 


SOP  0 
'ill)  30 

ill  80 
«]5  25 
Sli40 
fl8  0 
919  29 
«0  56 


10;307 


«r  95 


^  3 


304  10 


SO  SOS  SO 


»S40 
MO  IS 


Whhtb  

Ezeecding  pale  blue  

Kxceeding  pale  pink .« .  . 

V  ery  pale  blue  . 

Very  pale  pink  .......... 

Very  pal«  bine*  

Pale  pink  

Pale  blue.  

Fink  

Pale  blue   

Pink  

White  

222  30  'Blue  

«3  45i309  30  lYeUowiah  pink  

msoWm  ISUPalegreeididiUiie  

[Blue  

0  |PaIe  pink.  .•••••••••*•«.. 

10  I  Pale  yellow.  

White  

Blulah  oc  gneniah  white. . 

Blue.......  

VioTrt  Almost  in^ezc^tible 

Pure  white  

Exceeding  pale  yellow. .  . 

Pale  yellow.  •  • ,  

Very  pale  tawn^  orange . . 
Fine  purplish  cnmson 

Very  pale  purple  

Very  pale  green ....... 

White  

Splendid  crimMUI.  •  •  * •  •  • 

I'ale  purple.  

Vegj^pale  green ,  

Rich  dimaaiL.  ••••  

Pale  purple  • 

Pale  blue  green  

White  

Pmk,  ntfierpele  

White  

Pale  blue  

Pale  pink  yellow  

Very  pale  blue  

Very  pale  yellow  green. 

Pale  HIm  

White  

Fine  yellow  green.  •  •  ••  • 

White  

Lilac  

White  

Fine  yellow  green. 

White  

PalelilMS  

White...   

OftmkydLnt  


Remarics,ftc. 


^  089090 


1ft 


294  3ft 
899  ftft 


991 


30 
50 
45 
45 


249  1  0 

8*5  10  287 
246  50  286 
^85  984  ftft 

^  40  232  SO 

^  57  880  19 


256  5 

259  20 
%l  40 
266  40 


^77  25 

2T4  40 

271  40 
266  40 


I  •  .  a  • 


Willie.  

Exceeding  pale  pink 
Exceed  mg  pale  blue 
Very  pale  pink 
Very  pale  blue 
Very  pale  pink  ' 
Pale  blue  green 
Pale  yellow  pink 
Blue  grem 
Pale  jreOow  pink 
(Sxeemshblne 

Very  pale  purple 
Vellow  pink 

Greenish  blue  > 
Vdkvwiih  pink 
Pale  pinkish  yellow. 
Pale  greenish  blue 
Dark  blue 
Pale  purple 

Very  pide  violet  pink 
Very  paleycUow 
White 

Pure  white.  .*.'•'*.  . 

A  little  violet 

Very  nanowcUirk  Une 

Blue^  sombre,  and  ptk 
Pale  yellow  green 
White 

Fine  crimioii 
Pale  purple 
Very  pale  gITCn 
White 

Rich  crimson 
Pale  purple 
Vcnr  pele  green 

White 

Good  pink,  almost  crimson 
Very  pale  punile 
Pale  grecmili  blue 
White 

Pale  yellowish  pink 

Pale  blue 

Very  pale  yellow 

V  ery  pelebkie  blue 

Yellow  giecn 

White 

Fine  lilac 

White 

Fme  ydknr  gnen 

Wliite 
Fine  lilac 
White 

Fine  ydlow  green 

White 

Palelilae  


I 


led 


Virtual  pole* 
F»p' 


The  middli^ 

tint  -* 
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In  Older,  hQwever|  to  avoid  the  effitct  of  the  dispersive  power^ 
which,  at  such  considerably  obliquities,  would  render  ihe  obser- 
'  vations  liable  to  some  uncertainty,  I  cut  another  plate  in  such  a 
manner  that  the  perpendicular  to  its  surface,  instead  of  coincidU 
ing  nearly  with  the  cptic  axis,  was  directed  ver^r  nearty  to  one  o« 
the  virtual  poles.  Its  thickness  was  then  gradually  reduced  in 
the  manner  above  described  for  sulphate  of  baryta,  though, 
owing  to  the  nature  of  the  body,  it  was  found  nnpossibie  to 
avoid  the  necessity  of  re-polishing  the  posteriui  suiface  at  each 
operation ;  but  as  this  was  done  with  all  possible  care,  ouiy  a 
very  slight  error  can  have  arisen  from  this  cause. 


Tablb  v.— itodke/fe  Sidt.    Thickness  s  0*11518  in. 


Indina- 
tions. 

«7t«  8' 

?61  8 
261  0 

859  46 

£58 

858  30 
857  36 


856  SO 


855  10 
854  SO 


898  90 

850  87 

848  5 
845  45 
918  SO 

840  25 

837  90 

537  0 
234  20 
230  10 


45 

880  40 

811  40 
IW  "50 


Ofdhuuy  penciL 


Very  pale  pink, 


Very  paleUdah  green. 


White,  tinged  with  orange  Very  fine  intense  indigo 
Yellowish  or  greeni^  white  Purjple,  ratfier  sombre 


I  •  •••••< 


Very  pile  grMukh  Unt  • . 

DuUblue.  

Fine  deep  indigo 
Violet  purple. . . 
White,  a  Htdi 

violet 
Yellowish  white 
Pak  jreUow .... 


le  tinged  with 


Pale  pink  yellow.  •  • , 

Pinkwh  purple  

Rich  sombre  pmple^ 

what  iicry  ,  

Paie  green  

EztPflmdy  pale  green  •  •  • « 

Whitt  

The  richest  damask critnflOn 

Livid  imperfect  ptxrple  

Pale  blui&h  green  

Pink^  appnNidiiiig  tOBsd, . 
aqrMu&^.T™?.  


Perpendicu- 
lar incjrience 


fndifltocnt  purplish  pink 
Trilowish  pink  white 

White  inclining  to  onBge 
Yellowish  white 

4 

White,  not  very  biflKailt .  ••.««••• 

Pale  violet  blue 

Sombre  indigo,  inclinirj^j  to  violet, 

narrow,  and  well  deiined 
SombMirielet  white 


fink  orange  

Sky  blue,  inclining  to  Iflac . 
Pflde  bluish  green  .»••••• 
Splendid  ydknr  gfcen 

lUch  lilac  ,  , 

Splendid  green  

White  

Lilac  blna* 

Whitb  

Splendid  green  yellow  , , . 

White  

Pale  like  


White,  tinged  with  gMeiiiah  yellow 
Fine  crimson 

The  rfdicat  dMp'damiak  eriMMB 

liivid  impeilbctimiple 
Fine  palenocn 
White 

Fine  rich  crimson 
Pdeblne 

Li^t  pin.., 

OTOnr^e  red 
Paie  grcenifih  blue 
Fine  yellow 

Fine  pink,afiltiepiupltf^ 
LUac 
Splendid , 
luchUlac 
WliHe 


Pole  P  ftr 


The  viztual 


z 


White 
Pale  lilac  bhie  * 
WhHc  ■  • 

P^  gteenidi  ydkir 


Fine  yellow  green  |Fine  ulac 
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Here  the  virtual  pole  was  eoineadaii  wUh  tfae  MSk  maximum 
(or  thereabouts)  of  the  extraordinaiy  ray  from  the  pole  P ;  the 
succession  of  tints^  however^  unless  close  to  the  Tirtual  pole,  ig 
omittedi  in  order  to  shorten  the  table. 

'    Table  VL—Rochelie  Sait.    Thickness  =  0-08557  t«. 


lodiiia. 


978  0 

m  :»i 
m  0 

sn  so 


SBS45 

287  50 
US  45 

101  40 


Very  pale  j^Sow  green. . . . 
I  Very  pale  yellow  gnon, 
j Very  pale  U«iili  pgum . . . 

jlndig 
Pale  violet. 


Light  Une  gMCB 


Veiy  pale  greenish  yellow 

Pale  p^eenish  yellow  

Pale  pinkish  yellow  

Pale  pink  


Rich  fiery  damask  crimson 
Livid  imperfect  purple... 

Fine  light  gr^  

Veiry  pals sncii.  ....>.• 
lOood 


noMk  purple 
Violet 

Very  light  pink,  or  pinki&h  white 
Very  pale  yeUoWy  almost  white 
Very  pale  yellow 
Wlike,  peHtecOy  eoMil  aiH 
Pale  lilac 

Sombre  lilac  purple 
Dull  and  impure  blue 
Pale  yellow  green 

Very  p^e  yellow  green 
Very  pale  pink  j&m 
Fine  pmk 
Splendid  dfam 
Blue  green 


Pole  P 
mean  re<! 
Peroendiccu 


In  this  plate  the  virtual  pole  fell  about  half  way  between  the 
fourth  maximum  and  the  fifth  mimmumof  the  extraordinary  ray 
from  the  apparent  pule  P  for  the  mean  red  rays.  When  once 
lEore  ground  down,  it  gave  as  follows  : 

Tablb  YlL—RocheOe  Salt.   Thkkneis  =  0*05437  tn. 


Oiffinary  pefldL 


iFine  |nnk  

TndifFfrent  piir{de  .  .< 


ill  20  jlndiiTcrent  lilac  pink  


Fine  hAt  Wut  gveen.. 


218  25 


282  0 


Pale  yellow,  inclining  to 

orange  

Fine  pale  ycUmr  

yeDov, 
White.. 


I  Very  ptkliM«.« 
«ll  SO  ,SoiidaiiiidH||fft. 

Very  pale  bme***.  

Yellow  green 
Pale  y^Law 


V^ 

Blue,  rather  pale. 


idieu* 


26 


Violet 

White,  with  an  almost  imperceptible 
tinge  between  yeEbw  and  fiolet. .  Virtoal  ptir 


white 


Pale  yeOow  white 
Bxtremely  pale 
Lilac  pink 
Deep  Ulae  pink 

Dull  purple 
Good  blue 


White  •  

IVery  pale  pink, .  ^   

*»33  |X)eep  fiery  crim«ai.......t White 

I  Veiy  duU  purple  (gpeeofsfal  White 

,  iPlue  ^.iPink yeOow 

gifiOlVer^|iele|J->to  faftf 
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III.  Om  the  Came$^ike9e  PhimmieM. 

The  developement  of  colour  along  the  axis  oi  double  refrac- 
tion is  at  first  sis^ht  analogous  to  the  production  of  the  secondary 
tints  along  the  axis  ot  rock  crystal,  discovered  by  M.  Arago,  and 
recently  explained  by  M.  Bint,  in  a  masterly  meinuir  communi- 
cated to  the  Academy  of  Sciences,  on  the  hypothesis  of  a  force 
inherent  in  its  molecules  independent  of  their  state  of  aggrega- 
tapiiy  by  which  they  communicate  a  rotation  in  an  invariable 
dkection  to  the  axes  of  polarisation  of  the  luminous  rays.  And 
this  analogy  is  partially  supported  by  the  fact,  that  the  tint  deve- 
loped along  the  axis  descends  in  the  scale  of  colour  as  the 
thickness  increases. 

A  more  scrupulous  examination,  however,  will  show,  that  its 
origin  must  not  be  sought  in  any  cause  of  this  nature,  for  (not  to 
mention  the  iaq[M>8sibihty  of  explaining  the  phenomena  of  the 
virtual  poles  by  this  hyj^othesis)  if  we  place  the  principal  section 
of  the  crystal  in  the  azimuth  zero,  the  extraordinary  image  will 
be  found  to  vanish  completely  for  every  angle  of  incidence,  and 
whatever  be  the  thickness  or  the  plate.  I  may  add  too  tiiat  I 
have  in  my  ])osse88ion  a  crystal  oi  quartz,  which  exhibits  with 
tolerable  dAStinctness  in  some  parts  the  phenomena  of  two  axes, 
and  the  appearances  produced  by  the  interference  of  the  secon- 
dary tints  in  this  specimen  ;  while  they  Lio^ree  completely  with 
M.  Biot's  explanation,  differ  entirely  iioiu  those  which  form  the 
subject  of  this  paper. 

either  are  the  phenomena  above  described  explicable  on  any 
supposition  of  a  peculiar  action  of  the  crystal  on  the  differently 
coloured  rays,  analogous  to  its  ordinary  or  extraordinary  disper- 
sive power,  by  which  the  periods  of  alternnte  polarisation  of^ the 
molecules  of  some  colours,  should  be  lengthened,  and  of  others 
contracted,  so  as  to  disturb  that  exact  proportionality  to  their 
periods  of  easy  reflection  and  transmission,  which  M.  Biot  has 
proved  to  be  a  necessary  condition  for  the  production  of  the 
tints  of  Newton's  scale.  It  is  true,  such  laws  of  action  may  be 
imagined,  and  I  shall  presently  show  must  really  exist ;  in  all 
crystals  probably  to  a  small  extent,  but  in  two  instances  at  least, 
to  a  surprising  degree.  But  this  alone  will  avail  us  nothing.  To 
show  this,  and  at  the  same  time  obtain  a  general  andjtical 
expression  for  the  tint  developed  at  any  inclination,  and  for 
€very  hypothesis  of  the  action  of  the  ciystal  on  the  differently 
coloured  molecules,  let  us  denote  by  c  the  length  of  a  complete 
period  of  easy  transmission  and  reflection,  or  the  extent  or  one 
pulse,  on  the  undulatory  hypothesis  in  vacuo,  and  at  a  oerpendih 
Cttlar  incidence  for  any  homogeneous  ray,  and  let  G  oenote  its 
colour  and  proportional  intensity,  or  illuminating  power,  in  the 
prismatic  spectrum.  Then  will  the  formula  represeuung  a  beam 
of  white  light  intromitted  into  the  crystal,  be 

C  +      +       +  &c. 
from  one  end  of  the  s]>ectrum  to  the  other. 

Digitized  by  Google 


1821.]     Cnfstallized  Bodies  on  Homogeneous  light.  120 

Let  II  be  the  number  of  periods  (each  consistms  of  a  double 
alternation)  and  parts  of  a  period  performed  by  tne  elementaiy 
pencil  in  its  passage  thix>ugh  the  medium :  then,  accorditiig  to 
tlie  theory  of  M.  Biot,  when  n  is  0,  1,  2,  3,  &c.  ad  inf.  the  pencil 
will  wholly  pass  into  the  ordinary  image  ;  but  when  the  values 
of  7t  are  \,  1,  a,  Sec,  it  will  wholly*  be  thrown  into  the  extraor- 
dinary one,  and  in  the  intermediate  states  of  v,  partly  into  one, 
and  partly  into  the  other.  These  conditions  are  satisfied  if  we 
represent  by  sin*  {n  %)  the  intensity  of  the  ray  in  the  ordinary 
image,  taking  unity  for  its  original  intensity ;  and  it  will,  1 
believe,  be  found,  that  the  iz-radation  of  intensity  given  by  this 
formula  for  the  intermediate  values  of  will  agree  sufficiently 
with  the  judgment  of  the  eye  to  warrant  its  adoption.+  The  part 
of  the  elementary  pencil  C  then,  which  enters  into  the  extraor- 
dinary image,  will  be  C.  sin."  {it  tt).  Let  us  denote  by  S  {C.  sin.- 
(7/  tt)  }  the  aggregate  of  all  such  elements  from  one  extremity  of 
the  spectrum  to  the  other,  or  take 

S{C.  sin  «  (« ir)}  =  C.  sin>  (n  k)  +  Cf.  sin.«     r)  +  &c.  , 

Th  en  will  this  expression  represent  the  tint  developed  in  the 
extraordinary  image,  and,  consequently,  S  {C.  cos.^  (n  %)}  that 
is  the  ordinary  one. 

Now,  ff,  fhe  number  of  periods  performed  depends,  first,  cm 
the  nature  of  the  ray,  or  on  c ;  secondly,  on  the  mtrinsic  energy 
of  the  action  of  the  medium  on  that  ray  ;  and  thirdly,  on  the 
Section  of  its  course,  the  thickness  of  the  plate,  and  whatever 
other  cause  or  limit  of  periodicity  may  nappen  to  prevail. 
Hence  we  may  take  »  =  M  x  ^,  a:  being  a  lunction  of  c,  de<* 
pendent  only  on  the  nature  of  the  body  through  which  the  rav 
€  passes,  and  M  being  a  certain*' multiplier  whose  form  we  shall 
consider  presently.  Tnis  substitution  made,  the  expression  fer 
the  tint  becomes  S  ^C.  sin.*  (M  Ick)} 

In  the  theory  of  the  Newtonian  colours  of  thin  plates  and  the 
polarised  rings  in  crystals  with  one  axis,  the  multiplier  M  is 
independent  on  varying  only  with  the  direction  of  the  ray  and 
ib  mickness  of  the  plate.  It  is,  therefore,  the  same  for  fUl  the 
cobured  ray and  the  tint,  for  any  value  of  M,  will  be  •  - 

*  The  amnlitude,     total  extent,  of  each  osdllatioii  of  the  plane  of  polari&ation  is 
MemmoHdSO^,  inwUdi  cuetfie  contriitcleoloQr  in  tlietiro  peod^ 
mum.  This  is      ease  in  the  situation  we  are  ooMideriiig^  Imt  iu  general  the  intandt^ 

^'f  the  extraordinary  ray,  instead  of  being  represented  hy  sin.*  n  t,  will  have  an  addu 
tional  factor,  a  function  of  the  azimuth  .A  of  the  principal  section  of  the  crystalliied 
plate  and  Uie  position  of  tlie  refracted  ray,  and  which  becomes  unity  when  A  «  45®, 
*  and  the  plane  of  ioddeDeeiflihat  of  the  principal  MCtloiu  It  ia  on  «fais  iSutor  that  tlM 
ra<^atinn  of  hrigJttness  m  the  isochromatic  lines,  and  the  black  cross  or  hyperbolic 
bianci^es  which  intersect  them,  depend.  But  it  is  not  my  intention  at  pment  to  ttMt 
flo  this  part  of  the  subjectf  for  reasons  to  b  e  ex  plained  further  on. 

No  part  of  our  subsequent  reasoning  depends  on  the  ybrm  of  iSbSt  ftinditilL   It  b 
*°fficienttoknow1iiatitmuatbeaperio&Bl,a&dera  Ibnelifl^  ItiaotO^^iiidi* 
<^^niputadon  tt  MuneriflJ  faliMa  that  it  ia  neeeaiaiy  to  main  any  moie  pnetie 
Jwnption. 

^em  Seri€S,yoL.u  i 
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.  ^  .  C.sia.MM  kir)  +  sin.«(M  /c'tt)  +  .&c.  (a) 
"Now,  suppose  M  to  begin  from  zero,  and  to  pass,  by  a  varia- 
;^on  either  in  the  direction  of  the  ray  or  thickness  of  the  medium, 
jjOt  J^otby  through  all  gradations  of  value,  to  infinity,  or  to  its 
.naxiniumi  if  notsusceptible  of  infinite  increase:  then  we  see  that 
ibr  (svery  valae  of  M  a  certain  peculiar  tint  will  arise,  and  that, 
jirovidea  M  commence  at  zero  and  continue  increasing^  the  same 
..Bucceaaon  of  tints  will  invariably  be  developed  in  the  same  ordier. 
JCon^equently,  if  we  fix  upon  any  two  tints  in  this  scale  of  cotlour^ 
•  or  any  two  values  of  M,  tne  same  succession  and  the  same  num- 
ber of  alternations  of  colour  must  inwoahly  intervene  between 
jQien^  however  we  pass  from  one  to  the  other. 

In  a  crystal  ivi^  two  .or  more  m^,  the  value  of  M  for  any  ray 
£  must  of  course  be  zero  in  the  directien  of  the  axia^  and,  woBe- 
tm,  if  the  same  supposition  of  the  independence  of  M  on  c  be 
made,  the  same  conclusions  should  follow ;  namely,  firsts  that 
the  extraordinary  ray  must  always  vanish  in  the  pole^  whateviar 
be  the  tbickness  of  the  plate  ;  and,  secondly,  that  the  same  suc- 
cession and  number  of  alternations  of  colour  should  intervene 
between  the  pole  and  any  assie:ned  unequivocal  tint,  such  as 
black,  or  the  pure  biiliiaut  gietju  of  the  thud  uicier  of  Newton's 
scale.  Both  these  conclusions  are  totally  at  variance  with  tlie 
iacts  above  detailed,  as  to  the  developeraent  of  colour  in  the 
^oles,  and  the  situation  in  the  order  of  the  rings  of  what  we  h  ave 
called  the  virtual  poles.  Hence  we  are  necessitated  either  to 
^ive  up  the  theory  of  alternate  pohirisation  altogether,  or  to 
tadmit  the  dependence  of  the  multiplier  M  on  c,  or  on  the  natlUEe 
pf  the  ray.    Let  us  see  to  what  this  will  lead  us. 

According  to  the  theory  of  the  polarised  rings,  if  extended  to 
crystals  with  two  axes,  the  number  of  periods  performed  in  .a 
given  space  (=  1)  by  a  molecule  of  a  given  colour,  transmitUvi 
m  a  direction  making  angles  with  the  axes^  can  only  be  (a 
function  of  .the&rm  A,  4^  Q'),  k  depending  on  the  intensity  of 
,the  polarising  force ;  or,  as  before,  heing  a  function  of  c,  the 
nature  of  the  ray^rand  of  the  intrinsic  energy  of  the  molecules  of 
,tbe  icrystal.  Now  if  we  caU4^  the  thickness  of  the  pJate,  wi^p 

the  angle  of  refraction,  — ^—  is  the  length  of  the  path  described, 

008*  ^ 

WMt;*bwrfffi>re»  m  mist  have  for  the  muabar  of  periods 

"VD  tbi^t  the  value  of  M  must  be  ,  which  muEft  be  a,  fiinc- 

C08.  <P 

iaon  of  c.  Now  t  is  obviously  independent  of  it ;  and  if  we  neg- 
rlect  at  present  the  very  tnilmg  edect  at  moderate  incidences  of 
the ordinaiydispersivepovversQfthemedia examined,^  ^ issoaiso. 

•  It  »-eai«y  to  see  that  in  the  two  classes  of  crystals  above  described,  the  effects  of 
Ae  dispenive  powers  will  be  opposite  to  each  other,  ia  one  oppovins,  and  m  the  oHmx 
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;  it  is,  therefore,  in  the  form  of  tlie  function  ^f'  that  we  must 
look  for  the  cause  of  the  phenomena  ;  and  since,  we  have  = 
I  -\-  2  (ly  2  a  being  the  angle  between  the  axes  (because  the^ 
observations  are  made  in  the  principal  section)  we  see  that. 
iKfi,  6  +  2  a)  must  involve  c,  and  consequently,  6  being  arbi- 
tmy  and  independent,  a  must  be  a  function  of  In  order  thea 
to  fender  the  theoiy  of  alternations  applicable,  we  must  admil^ 

.  die  between  the  axes  of  double  refraction  to  differ  in  ihi^ 
aaiBe  crystal  for  the  differently  coloured  laysl  We  must  nonf. 
flhow  that  this  supposition  is  »ifficient  to  represent  the  pheno** 
mena  coirectly. 

The  symmetry  of  the  sings  and  total  evaniescence  of  colour  in 
:  principal  seotion  at  an  azimuth  zero^  requires  that  the  axeft 
'  <if  ui  Ae  different  cokms  shall  be  symmetricaJJy  arran^4f 

either  side  of  a  fixed  line  (which  may  be  called  the  optic  axisl 
I  ktUs  plane,  or  in  one  perpendicular  to  it.   At  present  we  nee4 
I  Oily  consider  the  former  case.   Let  a  represent  the  angular  dis- 
,  tance  of  the  axis  for  any  one  standard  cqpecies  of  ray  C  (the 
tMUsm  fed,  for  instance)  from  this  Une,  a     ^  a,  the  same 
&ttiioe  for  any  other  ray.   Then  the  distance  of  the  transmitted, 
!  ayC,  from  the  axes  of  rays  of  that  colonr  being  5,  fl',  the  corre- 
sponding distances  from  their  respective  axes  for  rays  of  ai^ 
other  colour  C  eineroring  in  the  same  direction  will  be    —•  8  a 
1+^9  and  6^  4-  6  £/  +     p,  5  0  being  the  dilFerence  (=      —  ^) 
j  of  the  angles  of  refraction,  correspuuduig  tu  the  same  incidence, 
:  for  the  colours  C,  C''.    The  positive  values  of  9  here  reckon 
outwards  from  the  pole ;  3"  a  is  negative  for  crystals  of  the  second 
class,  and  ^  ^  is  negative  or  positive  according  as  £1  or  X^'  is  the 
bgti  refrangible  c: ulnar. 

Let  us  for  a  moment  consider  rays  of  only  these  two  colou^ 
Ik  portion  of  the  extraordinary  pencil  due  to  Ihem  will  be  ; 

:  C.  Bin.*        +  («,  r) .  ^}  +  C\  sin  •  (-^,  +  (d  -  «  ir  » 

rays  of  these  colours  of  the  same  otder  in  their  resp^tiiit 
MBBofiingiy  will,  therefore,  coincide,  and  that  in  4Jbe  proper 
4egBBe  of  proportional  intensity  for  the  preidttQlion  4i{  a  mit» 
autge,  provided  we  suppose 

ilach,  since  k,  k\  a,  $  «r,  are  constant  elements,  ^,  9'  determi- 
W*e functions  of    and  ^  =  5  +  2  a,  suffices  to  determine. I. 

If  we  suppose  C  and  C  to  represent  the  extreme  rsdMd 
Triolet  rays,  it  is  evident  that  the  coincidence  of  the  extraordi- 


•W^piring  with  the  causes  which  produce  tlie  deviation  of  tints.    In  the  tables,  Noft.  V, 
VII,  where  the  virtual  poles  were  observed  ahiiost  at  a  perpendicuhtf  incidence,  dit 

^2 
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•  •  • 

naiy  pencils  of  the  same  order  for  these  two  extremes,  will  ensure 
that  of  the  intermediate  ones,  at  least  very  nearly.  It  would  do 
CO  precisely,  were  the  value  of  ^  a  for  any  intermediate  ray^  such 
a  ronctioii  of  k  as  would  result  fix>m  making  0  constant  in  thc( 
preceding  equation,  because  the  two  laws,  that  of  the  dispersion 
of  the  axes,  and  that  of  the  magnitude  of  the  rings  of  difibieat 
colours,  would  then  act  in  exact  opposition  to  each  other 
throughout  their  whole  extent.  It  is  m  fact  a  case  precisely 
analogous  to  that  of  the  compound  achromatic  prism,  where,  if . 
the  law  of  dispersion  in  the  one  medium  were  identical  with  that  * 
in  the  other,  a  perfectly  colourless  pencil  woidd  emerge,  and 
when  these  laws  differ,  the  coincidence  of  the  red  and  violet 
rays  ensures  an  approximate  coincidence  of  all  the  rest.  Should 
these  laws,  however,  differ  very  considerably,  an  uncorrected 
colour  will  appear  at  the  point  so  determined,  aud  a  nearer 
approximation  will  be  obtamed  by  uniting  two  of  the  more 
powerful  intermediate  rays,  such  as,  for  instance,  the  mean  red 
and  the  blue,  or  limit  of  the  green  and  blue. 

This  then  is  the  origin  of  the  virtual  poles  or  points  beyond 
or  between  the  axes  where  the  tint  rises  to  a  white  of  the  first 
order^  more  or  less  feeble,  or  even  to  an  absolute  black ;  and 
we  may  now  see  the  reason  why  the  tints,  in  reckoning  from 
these  points,  approximate  in  a  general  way  to  the  Newtonian 
scale.    In  fact,  the  periods  of  the  more  refrangible  rays  being 
performed  more  rapidly  than  those  of  the  less,  if  we  suppose  the 
coincidence  above  spoken  of  to  take  place  at  any  point  (iJ^e 
minimi] m  for  instance)  of  the  7/th  ring,  the  intervals  between 
the  wth  and  {n  ±  l)th  minimum  %vill  be  greatest  for  the  red,  and 
least  for  the  violet,  &:c.    Consequently,  when  the  violet  next 
disappears  totally  from  the  extraordinaiy  pencil,  there  will 
remain  yet  a  little  of  the  red,  less  of  the  orange,  and  so  on,  and 
this  difierence  increasing  at  every  succeeding  minimum  on  either 
side,  will  produce  a  succession  of  colours  approximating  in  a 
general  way  to  Newton's  scalel   This  approximation  will,  how- 
ever,  be  much  less  close  on  the  side  of  the  virtual  pole  towards 
Ihe  nearest  axis,  because  the  disturbing  influence  of  the  separa- 
tion of  the  axes  on  the  hguie  of  the  rings  and  the  law  of  their 
successive  intervals,  is  much  more  sensible  than  at  a  distance 
fiom  the  pole.   This  will  be  evident  if  we  consider  that  in  the 
mterval  between  the  extreme  coloured  axes,  the  tints  will  be 
regulated  entirely  by  the  law  of  their  distribution.   Now  this  is 
perfectly  corroborated  by  the  succession  of  tints  in  the  foregoing 
tables,  as  weH  as  by  numerous  experiments  made  un  other 
bodies.  . 
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ANNUAL  RESULTS. 
Barometer. 

Inches. 

Highest  observation ,  Jan.  9.   Wind,  N.E   30-900 

Lowest  ditto.  Oct.  17.   Wind,  S .   28*050 

Bange  of  the  mercnry   2*850 

MeAn  annual  barometrical  pressure   29*647 

Greatest  range  of  the  mercury  in  Jan.  (in  nine  days)  .  •  2-  660 

Least  ditto,  £tto,  in  December  ^ . . .  0*860 

Mea9  annuid  range  of  ditto   1*605 

Spaces  described  by  ditto  •  ^   80*950 

Total  number  of  changes  in  the  year  «   168*000 

Six's  Thermometer, 

Greatest  observations,  June  '2()  and  "J?.  Wind  and 

var.   85-000° 

Least  ditto,  Jan.  1.    Wind,  W   7-000 

Range  of  tlie  mercury  in  the  thermometer   7b* 000 

Mean  annual  temperature  .   46-900 

Greatest  range  in  June  ,   45-000 

Least  ditto  in  ISuvember  , ,  25-000 

Mean  annual  ditto   34*333 

Winds. 

Days. 

North  and  East   66*000 

North-east  and  South-east   66*000 

South  and  West  * . .  93*000 

South-wesJt  and  North-west   121-000 

Variable   21*000 

RaiHf 

Inches. 

Greatest  quantity  in  May  '   4*250 

Least  ditto  in  September   1*030 

Total  amount  for  the  year   29  430 
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Amfcu;  XI. 

Ohservatim^  o»  Mr.  Perkin$'^  Aesouni  of  ike  Comprmikiliti/  of 
Water.  .  By,  P.     Roget,  MD.  KRS.  &c. 

(Ta  the  Editor  of  the  Atmah  of  PISiotophy.) 

,  On  leading  the  account  wfaioh  Mr.  Perk.mt'  Has  lately  given 
in  the  Philoaophical  Tranaactionay*  of  his  very  interesting  expe-» 
Maents  on  the  compressibility  of  water,  ffom  which  he  has 

deduced  a  result  differing  widely  from  that  of  Mr.  Canton  ;  and 
being  desirous  of  ascertaining  the  exact  quantity  by  whirH  they 
differed,  I  was  induced  to  calculate  the  degree  of  compressioDr> 
which  was  produced  by  the  piezometer  in  the  first  experiment^  • 
from  the  data  fLauisiied  by  Mr.  Perkins,  and  was  thus  led  to  the 
discovery  of  a  very  material  error  which  he  iias  crtmiuitted  in  his ' 
computation.    He  states  the  compression  alit  rted  by  a  pressure 
of  100  atmospheres  to  be     aijtotU  one  per  cent whereas  the 

real  amount  of  the  compression  was^  in  fact^  only  ^7^,  or  a 

little  less  than  orie-hnlf  per  cent,  as  may  easily  be  verified  by  any 
one  who  will  be  at  the  trouble  of  eoino-  thronirh  the  calculation. 
It  IS  remarkable  that  this  amended  result  agrees  very  nearly  with 
that  of  Canton.  This  will  be  best  evinced  by  computing  the 
heights  of  the  modulus  of  elasticity  of  water,  m  the  two  cases, 
according  to  Dr.  Young's  method.  As  deduced  from  Canton's 
^eriments,  the  height  of  the  modulus  is  750,000  feet ;  f  while 
those  of  Mr.  Perkins,  when  correctly  computed,  would  show  ir 
to  he  743,260  feet — the  difference  bein^  less  than  one«hundredth 
of  the  whole.  So  near  an  agretement,  in  experiments  conducted 
by  different  methods^  is  very  satisfactory,  and  bears  the  stronger 
tMtimony  in  favour  of  the  accuracy  of  those  of  Mr.  Perkins,  in 
luft  much  as  he  was  himself  not  aware  of  that  agreement.  It  is 
much  to  be  wished  that  this  gentleman,  to  whom  science  and 
fl^ft  arts  are  already  much  indebted,  will  persevere  in  the  prose- 
<^on  of  his  interesting  inquiry,  by  the  aid  of  the  ingenious 
^■Hparatns  he  has  invented,  and  from  which  the  discovery  of 
BIMiy  curious  and  important  facts  may  be  expected. 

I  am,  dear  Sir,  most  truly  yours, 

P.  M.  ROGET. 

*  For        Part  IL  p.  324.      f  Yoong^ft  Lectuies  on  Natural  Xniilos^p hy»  i.  916. 


'  New  Subslance  in  Ironstone.  t^£B» 


Article  XIL 

DmripiioH  rfa  new  SubHance  found  m  Inmiiom. 
By  the  Rev.  J.  J.  Conybeare. . 

(To  the  Editor,  of  the  Aimab  of  PUlosophy.) 

MY  DfiAR  SIR,  Bath  BmUm^  Jm.  IT,  1881. 

During  a  visit  to^outh  Wales  in  the  course  of  tast  suminer, 
a  sabstance,  found  in  the  ironstone  of  Mezthyr  Tydfil,  was  put 
into  my  hands  for  examination.  It  appears  to  me  to  differ  from 
all  the  varieties  of  bitmninous  matter  hitherto  discovered,  soffi- 
cientiyi'to  form  a  separate  species.  Shoidd  my  opinion  be 
490fvect,  I  would  propose  that  it  should  be  distinguished  by  the 
name  of  Hai^^ne,  in  reference  to  the  eminent  chemist,  to 
whom  we  are  indebted  for  the  most  valuable  coutnbutious 
towards  the  history  and  analysis  oi  this  class  of  natural  sub- 
-4Btances.    I  remain,  Sir, 

With  much  esteem,  yours  sincerely, 

J.  J.  CoNYB£AR£. 


^e  colour  varies  from  yellowish-white  to  wax  and  greenish- 
yellow. 

The  texture  is  sometimes  flak^  (like  that  of  spermaceti), 
sometimes  subgranular,  like  that  or  bees'  wax. 

The  lustre  is,  in  the  flaky  variety,  slightly  glistening  and  pearly ; 
in  the  other  didl. 

The  transparency  is  in  the  flaky  (especially  in  thin  laminae)  con- 
siderable: other  specimens  are  opaque. 

It  is  yeiy  soft,  not  harder  than  soft  tallow. 
;It  has  no  elasticity,  and  no  odour. 

It  is  very  fusible ;  melts  when  placed  in  warm  water  under 
It  is  very  light. 

The  only  analogous  substances  to  which  Hatchetine  might 
be  compared  are  petroleum  and  elastic  bitumen.  From  the 
former,  it  differs  in  its  consolidation;  from  both,  in  the  greater 
part  of  its  external  character,  and  in  its  want  ot  sniell.  It  melts 
under  170^,  whereas  thin  bitumen  does  not  melt  even  in  boiling 
water.  Like  elastic  bitumen,  it  is  readily  soluble  in  ether ;  and 
€ach  solution,  by  spontaneous  evaporation,  leaves  a  viscid  oily 
matter  m  separate  drops,  but  that  from  Hatchetine  is  still  inodo-  ' 
TOUS  ;  while  that  li  oni  elastic  bitumen  retains  strongly  the  pecu- 
liar smell  of  that  substance.  Hatchetme  distilled  f)v  er  the  naked 
^ame  of  a  spirit-lamp  assumes  the  bituminous  smell,  and  gives 
over  a  butyraceous  substance  of  a  greenish-yellow,  coaly  matter 
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remaining  in  the  retort* ;  at  alower  heat,  it  gives  oyer  a  lig^t  ml. 
I  have  no  means  of  ascertaining  its  ultimate  constituents ;  but 
hm  fittle  doubt  that  the  above  characters  are  sufficient  to 
authorize^  our  considering  it  as  distinct  from  petroleum,  asphalt, 
and  elastic  bitumen^  the  only  three  species  (with  the  exception 
of  retinasphalty  which  occurs  under  very  different  geognostic 
idations^  and  appears  to  be  the  result  of  a  very  different  natural 

Srocess)  into  which  substances  of  this  class  have  hitherto  been 
ivided  by  mineralogists. 

The  Hatchetine  is  found  filling  small  contemporaneous  veins 
lined  with  calcareous  spar  and  small  rock  crystals  (termed  tha 
Mezthyr  diamonds)  in  the  ironstone. 


Article  XIII. 

EUctro-magnetic  Experiments. 

(To  the  Editor  of  the  Annals  of  Philosophy.) 

8IB,  CamMige^  Jmu  91,  ISSL 

If,  as  I  imagine,  the  following  electro-magnetic  experiments 
are  new,  you  wm  oblige  me  by  inserting  them  m  the  next  number 

of  the  Annals  of  Philosophy/, 

A  weight  was  suspended  from  a  small  horse-shoe  magnet ;  on 
connecting  the  nortn  pole  of  the  magnet  with  the  copper  side  of 
a  pair  of  galvanic  plates,  the  weight  was  attracted  more  strongly; 
on  reversing  the  wires,  it  fell. 

A  small  magnetic  bar  being  placed  in  the  galvanic  circuit,  its 
south  pole  bemg  in  connexion  with  the  positive  end  of  the  bat- 
tery, the  magnetism  was  destroyed  in  half  a  minute. 

A  connecting  wire,  l-15th  of  an  inch  diametep,  being  placed 
horizontally  in  the  plane  of  the  magnetic  meridian,  over  a  com- 
pass, the  deviation  of  the  needle  was  between  80°  and  90®;  in 
Oersted's  experiments,  it  is  stated  to  be  about  45°. 

On  usin^  a  smaller  wire,  the  deviation  was  diminished ;  and 
when  the  diameter  of  the  wire  wba  l-200th  inch,  it  was  less 
than20°. 

This  dimumtion  of  the  deviation  took  place  whether  the  small 
^re  were  immediately  over  the  compass,  or  interposed  in  any 
other  part  of  the  circuit. 

When  the  eont^exion  was  made  at  the  same  time  by  the  two 
above-ikientioned  wires,  €he  smaller  being  three  inches  long,  the 
K>Q^er  five  feet,  tl^e  needle  of  a  compass  placed  under  the  smaller 
^wted  about  10*'';  tiiat  of  another  under  the  larger  deviated 


^  ShUfe  liilaiiMB,  •!  tlM  wine  belt,  ffim  om  m  ydbwidi  oil  perfbe^  flnid. 
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On  removing  the  larger  wire,  the  deviation  under  tbe 
smaller  increased',  Sec. 

When  the  circmt  was  made  by  a  glass  tube  filled  witli  mer- 
tury,  the  deviation  was  the  same  as  with  a  wire  of  the  same 
thickness  ;  but  on  removing  the  mercury,  and  coating  the  tube 
tvith  silver  lea^  the  deviation  was  not  more  than  between  ii° 

The  electro-magnetic  influence  was  not  diminished  by  raisinjg 
fhe~ connecting  wire  to  a  red  heat;  but  on  interrupting  th«  circuit 
by  water,  it  was  destroyed,  though  the  connecting  wire  placed 
iinmediately  over  the  comt>ass  decomposed  water  at  each  end. 

If  the  connecting  wire  were  bent  alternately  from  N.  to  S.  and 
from  S.  to  N.  the  magnetic  needle  deviated  to  the  W«  of  the  N* 
in  all  the  former,. aad  to  the  £•  of  N.. in  all  the  latter  bending; 
whatever  were/ their  number,  and  in  whatever  part  of  the  wire 
they  were  placed* 

When  toe  connecting  wire  was  made  to  pass  from  N.  to  S. 
over  the  needle,  and  from  S.  to  N.  under  it,  the  electro-magnetic 
iaflaence  was  doiibled. 

A  single  pair  of  rather  large  plates  was  found,  as  in  Oersted's 
experiments,  to  be  more  efficacious  than  a  number  of  plates  with 
the  usual  arrangement  ;  but  avIk  n  wires  from  all  the  zinc  plates 
were  connected  on  one  side,  and  from  all  the  copper  plates,  on 
the  other,  the  electro-magnetic  influence  increased  witn  the  num- 
ber of  plates. 

It  was  found  that  the  relative  quantities  of  <xalvanism  generated 
in  ditferent  experiments  might  be  estimated  with  great  readiness* 
and  accuracy  by  using-  a  graduated  slide  carrying  that  connecting 
wire  over  a  fixed  compass  with  a  standard  deviation, 

I  am,  Sir,  respectiully  yours,  J.  C. 


Akxicjle  XIV» 

Analyses  of  Books. 

Vntersuchungen  nher  den  Magnethmns  der  Erde,  Von  Christo- 
pher Hansteen,  Professor  der  Angewandteu  Matliematik  au 
den  Norwe.;ischen  Universitat.    Christiania,  1819. 

Researches  on  I  he  Magnetism  of  the  Earth.  By  Professor  Han* 
steen,  of  Christiania,    1  yol.  4to,  650  pages. 

I  HAVB  jiiat  received' a  copy  of  the  first  volume  of  dua-  crefta^ 
Brated  work,  which  I  have-  been  very  anxious  tx>  8e«.  I  aHl 
*liwi!lmg  to  peruse  it  till  1  recover  the  Atlas,  which  onjSfllt'  tCP 

have  accompanied  it,  and  which  has  been  unfortunately  lost  on 
the  way  between  Christiania  and  London ;  but  I  cannot  avoid 
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Hlimediately  «mioiinemg  it  to  the  public,  and  pointiiig  out  the' 
impoitance  of  pablishing  it  in  an  English  translation.  I  -shttil 
take  a  future  opportunity  of  giving  a  detailed  accotiiit  of  it  to 
tke  readers  of  the  Annals  of  Philosophy,  At  present  I  shalT 
merely  give  the  tides  of  the  great  divisions  of  the  woik',  and  add» 
aome  iritportant  facts  and  correetioiis  wfrieb  Pnyfessor  HfUieiteea 
^g^inted  oat  to  me  in  a  letter,  dated  Ghristiania,  Nov.  21, 

'  After  an  introdaction  of  14  pages.  Prof.  HanstedK  treatd  of,. 

1.  HaBey's  lines  and  of  their  motion  between  1600  and*  1800. 

2.  Of  the  lines  of  inclination,  and  of  the  magnetic  intensity. 

3.  The  number,  position,  and  periodalgyration  of  the  magnetic 
poles  round  the  pole  of  the  earth.  5.  Calculation  of  Halley's* 
lines  from  the  first  imperfect  theory  ot  Euler.  5.  Mathematical 
theory  of  magnetism.  6.  AppHcation  of  the  theory  of  magne- 
tism to  the  theory  of  the  magnetical  declination,  inclination,  and 
inteasity,  in  a  given  place,  whose  geooraphical  position  is  known. 
7.  A  more  accurate  determination  of  the  position  of  the  magne- 
tical axis,  their  size  and  relative  intensities.  8.  Of  the  daily 
.variation  of  the  needle.    The  whole  terminates  with  very  ample 

tables  of  the  declination  and  dip  in  various  parts  of  the  earth. 

Prof.  Ilansteen  requests  me  to  inform  the  public  that  his 
seventh  chart,  showing  the  dip  of  the  magnetic  needle,  is  erro- 
neous, because,  when  projecting  it,  he  was  unacquainted  with 
the  original  observations  made  in  the  course  of  a  voyage  to  the 
Northern  Pacific  Ocean  by  Capt.  Cook  and  Mr.  William  Bayley. 
Led  astray  by  some  observations  of  Krusenstem,  he  was  induced 
in  the  corrections  and  additions  to  his  work,  p«  21,  22,  to  con- 
tradict M.  Biot,  who  insists,  in  his  Traits  de  Physique,  torn,  iii* 
p.  131,  that  the  line  of  no  dip  (magnetic  equator)  cuts  the  equa- 
tor  of  the  earth  three  or  four  times.  But/'  continues  Prof. 
Bansteen,  "  Biot  is  in  the  right,  and  the  accomi^anying  cor<- 
lected  chart  shows  the  dipping  Unes  in  the  Pacific  in  weir  right 
ibrm*  Your  mentioning  in  your  Atmahy  in  a  few  words,  that  I 
myself  acknowledge  my  error,  will  be  conferring  a  particular 
omigatbn  on  me/' 

On  observing  the  oscillations  of  a  magnetical  steel  cyCndee, 
suspended  by  a  silk- worm  thread  in  a  small  box  with  glass 
openings,  I  have  made  the  curious  discovery  that  the  magneti- 
cal intensity  of  the  earth  has  a  daily  and  annual  variation.  By 
a  chronometer  of  Arnold's,  I  observe  five  tiuies  every  day,  at 
stated  hours,  the  time  required  for  completing  300  vibrations ; 
and  these  observations  I  have  already  continued  for  nearly  a 
year.  From  earlv  in  the  morning,  the  intensity  is  on  the 
decrease  until  between  10  and  11  o'clock  in  the  forenoon,  when 
it  has  reached  its  minimum.  From  this  time  it  increases,  at 
first  slowly,  afterwards  more  rapidlv,  till  it  reaches  the  maximum 
at  four  o'clock  afternoon  in  the  winteu,  and  between  six  and 
eight  in  the  summer.   At  times  it  does  not  reach  this  maximum 
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till  about  ten  in  the  evening.  In  the  winter,  the  intensity  is 
much  stronger  than  in  summer.  The  greatest  intensity  appears 
to  happen  m  the  month  of  January;  the  least  happened  this- 
year  (1820)  on  the  13th  of  July.  The  daily  variations  are  mucli 
^eater  in  summer  than  in  winter. 

irregularities  occur  at  times,  especially  on  those  days, 
when  the  moon  passes  the  equator,  or  on  the  quarter  days  of  the 
inoon.  Similar  great  changes  i  have  observed  during  the  equi- 
noxes. The  mtluence  of  the  northern  lights,  as  already  observed 
by  Mr.  Humboldt,  is  very  remarkable,  and  frequently  it  does  not 
regain  its  former  strength  till  afler  the  lapse  of  24  hours/' 

I  have  likewise  found  in  the  same  manner  that  every  per- 
pendicular object^  of  whatever  materials ;  for  instance,  a  tree^ 
the  wall  of  a  house,  &c*  has  a  magnetic  north  pole  at  the  foot, 
mi  a  soath  pole  at  the  (op/'— T.  T. 

« 

An  Euay  cm  Chemical  Analysis,  chiefli^  translated  from  the 
Fourth  Volume  of  the  last  Edition  of  the  Traite  ae  Chimit 
Elementaire  of  L,  J.  Thenard,  with  Additiam,  cdmprehending 
the  latest  Discoveries  and  Improvements  in  this  Branch  of  the 

.  Science.  With  Plates.  By  John  George  Children,  FRSL* 
andE«FAS.&c.  8cc. 

Chemical  analysis,  owing  to  the  great  number  of  simple  sub* 
stances  with  which  tfie  science  has  been  enriched,  and  the  con- 
sequent increase  of  compounds,  is  now  rendered  a  subject  of 
considerable  difficulty  and  complexity.  These  have,  however, 
in  many  instances,  been  fortunately  diminished  by  the  discovery 
of  the  doctrine  of  definite  proportions,  which  the  chemist  may  * 
now  avail  himself  of  in  proof  or  the  justice  of  his  views,  and  the 
correctness  of  his  analyses.  It  must,  however,  at  the  same  time  be 
admitted,  that  this  discovery,  vast  as  its  importance  is,  is  liable 
to  be,  and  probably  lias  been,  misused  by  some  who  have  deter- 
mined what  the  composition  of  a  body  ought  to  be,  rather  by  a 
compariftOii  of  numbers  than  by  the  slow  and  tedious  process  of 
analysis.  It  is,  however,  to  be  remarked  that  the  doctrine  of 
definite  proportions,  although  it  may  be  called  in  to  prove  the 
correctness  of  an  analysis,  ought  never  to  supply  the  place  of 
one — I  do  not  mean  that  it  is  not  allowable  to  form  conjectures 
as  to  the  composition  of  bodies  by  the  aid  of  the  atomic  theory; 
I  only  mean  that  these  conjectures  should  not  be  stated  as  facts 
to  be  absolutely  relied  on. 

Mr.  Childi'en  has  stated  so  clearly  the  motive  which  induced 
him  to  undertake  the  present  work,  that  I  shall  give  his  own 
words  on  the  occasion :  "  On  reading  the  fourth  volume  of 
M.  Thenard's  Traite  de  Chimie  Elementaire,  Theorique  et 
Pratique,  which  treats  exclusively  of  chemical  analysis,  and  in 
a  manner  much  more  satisfactoiy  and  complete  than  any  other 
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work  1  had  before  met  with,  it  struck  me  that  if  translated  into 
our  language,  it  could  not  fail  to  be  of  great  utility  to  the  En^Uatl 
chemiit/'  Mr.  Children  then  obsenres,  that  to  the  first  editiod 
of  the  author  he  had  added  the  valuable  matter  contained  m 
the  second  edition,  which  appeared  while  the  translation  waa 
proceeding.  ' 

Mr.  Children  was,  I  think,  judicious  in  the  choice  of  the 
author  whom  he  selected,  for  giving  to  the  English  chemiist  a 
more  full  account  of  the  minutise  of  analysis,  than  had  ever 

appeared  in  our  own  language.  • 

Those  parts  of  the  work  which  depended  merely  upon  the  trans- 
lator, it  is  hardly  requisite  to  state  have  been  accurately  per- 
formed by  Mr.  Children  ;  but  it  would  be  doinsj  him  ^reat  injus- 
tice not  to  mention,  that  mm  h  new  and  vahi  d)le  information,  not 
to  be  found  in  the  original  work,  has  been  added :  in  saying  this, 
I  do  not  mean  merely  that  such  notices  have  been  collected  as  are 
within  the  reach  of  every  one  who  inspects  the  various  sources 
of  chemical  knowledge  ;  but  on  several  occasions  Mr.  Children 
has  given  us  the  results  of  his  own  experiments  and  observations, 
and  which,  I  think,  cannot  fail  to  be  useful.  The  directions  foi 
the  use  of  the  blow-pipe,  and  the  appearance  which  certain  sub- 
stances present  after  its  action,  form  a  very  excellent  part  of  the 
appendix  ;  and  Mr.  Children  shows,  by  the  attention  which  he 
has  paid  to  the  subject,  that  he  has  duly  appreciated  the  value  of 
Bergman's  remarks  upon  the  blowrpipe,  with  which  he  yeiy 
aptly  concludes  his  remarks  on  this  useful  instrument. 

On  the  subjects  of  the  analyses  of  vegetable  and  animal  8ub« 
stances,  a  concise  but  clear  account  of  the  proximate  principlea 
of  vegetable  bodies  has  been  introduced*  k  is,  however,  to'be 
observed,  that  by  an  overs^;ht,  the  very  Widely  diflused  and 
Talaable  vegetable  product  tannin  has  been  totolfy  omitted^  nor 
is  its  comlnnation  with  gelatine  and  albumen  mentioned. 

On  the  subject  of  ue  atomic  theory,  Mr.  Children  justly 
retftarksy  "  that  in  the  great  progress  which  chemistry  has  made 
within  a  few  years,  one  of  its  most  important  steps  towards  per<- 
fectioQ  as  a  science,  is  the  establishment  of  the  atomic  themy*/' 
A  knowledge  of  the  principles  upon  which  it  is  founded,  aiibrd- 
ing,  he  obsenres,  to  the  practical  analyst  an  easy  and  almost  ih<> 
ftuible  test  of  the  accuracy  of  his  experiments. 
*  Mr.  Children  then  gives  a  sketch  of  the  atomic  theor)',  which 
will  affoid  the  yoana*  chemist  much  useful  intormation  on  this 
curious  and  highly  interesting  topic.  It  may  be,  perhaps,  out  of 
place  here,  but  i  cannot  help  remarking,  the  dideience  which 
exists  among  chemical  philosophers  as  to  the  numbers  by  which 
they  represent  hydrogen  and  oxygen  ;  for  it  wdl  be  found  that 
they  differ  considerably  both  in  quantity  and  proportion.  Thus 
Mr.  Dalton  represents  hydrogen  by  1  ;  and  oxygen  by  7.  Sir 
H.  Davy,  hydrogen,  2,  and  oxygen^  15.  Dr.  Henry,  hydro- 
gen, Ij  and  oxygen,  7*5*   Mr*  Braude  agrees  with  Dr.  Heozy 
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Dr.  WoUaston  ^representa  hydrogen  by  1*32,  and  oxygen  by  10. 
Sc.  Thomson,  hydrogen,  0*125,  and  oxygen,  1.  It  u  fluifih  Uk 
be  regretted  that  theae  varicitioiis  should  exist :  they  prodiice  the 
aU  efiect  of  appearing  to  render  a  subject  difficult  which  is  easiyr 
#f  explanation,  by  merely  stating)  as  Mr,  Children  has  done,  thgfc 
whatever  portion  we  take  of  a  compound  mass^  it  must  con* 
tun  a  certain  number  of  atoms  of  each  substance  3  and  although 
we  know  nothing  of  their  actual  number,  still  we  obtain  by  aaa- 

Siis  the  proportioii  tiiat  the  atoms  of  one  kind  beam  to  those  of 
e  other;  or,  supposing  the  compound  to  contain  an  equal 
onmber  of  each,  tue  proportionate  wMghts  of  the  atoms  them-  ^ 

On  the  sdb^t  of  the  analysis  of  mineral  wateiS)  Mr.  Childnea 
his  added  much  to  the  ori^nal  work  of  M.  Thenard.  He  bm 
particularly  noticed  the  opinions  of  the  late  Br.  Murray,  to  the 
mgenuity  of  whose  views  on  this  subject,  as  well  as  on  every 
other,  I  wish  (however  useless }  to  add  my  assent.  1  confess,  how- 
ever, tor  reasons  which  I  shall  take  anuther  opportunity  of  bLating, 
that  I  do  not  accede  to  the  correctness  of  his  views  when  ■sup- 
posing that  those  salts  which  exist  in  a  mineral  water  are  such 
as  result  irom  the  union  of  those  acids  and  bases  as  form  the 
most  soluble  compounds.  Whatever  I  may  advance  on  this 
subject,  I  am  nevertheless  of  opiuioa  that  the  results  eibtained 
by  Dr,  Murray  in  his  analysis  of  sea  water,  show  that  the  mode 
which  he  employed  was  generally  correct;  and  Mr.  Children 
has  judiciously  inserted  it. 

In  the  Appendix,  Mr.  Children  has  given  Dr.  Marcet's  method 
of  detecting  the  presence  of  arsenic,  observing  "  that  the 
nnhappy  frequency  with  which  arsenic  has  been  employed  for 
the  most  nefarious  purposes,  renders  an  infaUible  mode  ioi 
dfitecting  its  presence,  whm  in  very  minute  qutintity,  a  great 
desideratum  in  medical  jurisprudence.''  It  has  been  objected^" 
says  Mr.  Children,  *^  to  this  test,  that  if  a  phosphate  be  present, 
its  indications  are  ambiguous ;  for  the  colour  of  phosphate  of 
mkm  is  not  much  unlike  that  of  arsenite  of  silver.  An  <ezpe» 
lienced  eye,  however,  will  readily  distinguish  between  then,;  u&e 
laMer  beine  of  a  bri^ter  ]jrellow  than  tl^  former.*'  I  must  oon- 
ftss  that  VBm  ambiguity  is  to  me  an  insuperable  otgection  te 
what  is  termed  the  silver  test.  I  have  seen  jprecipitates  occup 
uioned  by  the  phosphoric  and  aisemons  aoids  so  similar  in 
CNbur  that  I  eouUl  not  distinguish  anv  differe&oe,  and  much  less 
woo/  ▼ariaiioii  wUdi  woiuld  be  a  sumaent  guide  for  dacftfiiy 
IMS  the  solemn  and  unlmppy  occasions  in  which  evidence  is  ^ 
sequired.  It  is,  however,  but  proper  to  add,  that  Dr.  Marcet 
no  longer  depends  upon  the  evidence  afforded  by  colour  of  the 
precipitate  of  arsenite  of  silver,  unless  it  be  corroborated  by 
other  appearances. 

The  best  method  that  I  know  of,**  says  Mr.  Children, ''is  to 
pass  a  current  of  sulphuretted  hydrogen  gas  ittto  a  su^peoted 
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solution,  when,  i£ai»emous  acid  be  present^  it  mH  occasion  the 
appearance  of  a  6ne  lemon-yellow  colour  through  the  Uquid,  but 
Will  have  no  action  on  phosphate  of  silver.  Tliat  substance^ 
Jbowever,  may  pi(j\  unt  the  ytUow  coluui  Iruui  iippediiixg,  although 
ar«enious  acid  be  acLuaily  contained  in  the  solution;  but  the 
addition  ul  a  very  few  drops  of  very  dikite  pure  nitric  acid  will 
immediately  [)ruJuce  it.  If,  tlierefore,  both  the  silver  Lest  and 
the  sulpluiieUed  hvelroffen  concur  in  indicating  the  presence  of 
the  poison,  no  reasonable  doubt  can  be  entertained  respecting 
it;  but  it  is  certainly  an  additional  satisfaction  to  reduce  a  por- 
tioD  to  the  metallic  state,  or  at  least  to  sublime  the  oxide  so  as 
to  render  its  peculiar  albaceous  odour  distinctly  evident,  where 
enough  can  be  procured  for  the  purpose,  jthough  that  caooot 
often  be  expected." 

I  shall  o^er  one  or  two  observations  upon  this  statement,  and 
I  tiust  Mx*  Children  will  believe  that  I  cto  not  object  upon  what 
appears  to  me  frivoloeufl  grounds.  In  the  first  place,  I  think  it 
more  convenient  .to  employ  a  solution  of  sulphuretted  hydrogen 
in  water  than  to  pass  the  gas  through  the  BU£|pected  solution^ 
the  same  effects  are  produced,  and  to  paas^as  through  sosnudl 
a  quantity  of  fluid  as  it  is  sometimes  necessary  to  operate  upon, 
increases  the  difiBculty,  but  not  the  certainty  of  the  process.  It 
«ho«ld  be  ofasemd  that  no  hydtosolphttret  m  «olutMm  sfaottU  be 
Mployed  insteaA  of 'the  mere  gas ;  and  the  aiBflBi<|na  acid  AoM, 
^tdissoiveii  simply  m « water  without  the  aid  of  any  alkali ;  for 
if  i  remember  rightly,  interferes  with  the  aotion  of  the  sul- 
jhuretted  hydroc^en. 

With  respect  to  the  employment  of  a  nitric  acid,  in  case  phos- 
phoric salts  be  present,  1  eaiertam  euusideralile  doubt.  2sitric 
.acid  decomposes  sulphuretted  hydrogen,  precipitating  the  sul- 
phur, which  may  interfere  with  the  process  if  the  acid  be  em- 
ployed ni  excess. 

Mr.  Children  states  that  he  find  a  that  sulphuretted  hydrogen 
gives  a  decided  yellow  colour  to  an  ounce  measure  of  distilled 
water,  containing  one  drop  of  a  saturated  solution  of  arsenious 
acid,  equal  to  — S-o^h  of  a  grain  of  the  solid  acid,  or  about  ^.^-th 
of  the  whole  weiirht  of  the  solution.  Two  or  three  drops  of 
phosphate  of  soda  prevented  its  action,  but  a  little  very  dilute 
acetic  acid  immediately  produced  the  yellow  colour.  Mr.  Chil- 
dren properly  observes  that  the  acetic  acid  ought  to  be  pure, 
and  ]]io^auciiiss«baB.been  distilled  through  a  matalhc  worm. 

It  s^^pem-fromtbis  statement  that  the  power  of  sulphuretted 
hirdn^n  as  a  test  of  arsenic  is  very  gieat.  It  is  ainguhir  that 
phosphate  of  soda  ^shimld  prevent  its  aotion ;  and  I  would  uvbr 
nk^mh^ikBf  itlm  jvetf  oircmBstanrf  cannot  be  taken  advantage 
^as  an  ^dditioiiiil  firoof  of  :the  presence  of  arsenic. 

In  a-work  of  this  natnie,  embracing  so  aumv  andwoh'TuM 
fointS'iof  tike  acuanoe,  at  is  AOt  to  he  wondaraa^t  that  M»me  few 
mrrmacies  wb&vli  appear.  As  an  example  of  tbeaa^  I  woiAp 
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mention  that.  Mr.  Children  does  not  seem  to  have,  in  aD  cases, 
cleariy  distingaished  between  chlorides  and  diy  mnriates,  and 
the  compounds  of  muriatic  g^s :  thus^  in  p.  229,  we  are  told  that 
100  parts  of  hydrochloric  acid  satnrate  lu2  of  Ume.  This  must 
be  wnat  was  K>rmerly  called  dry  muriatic  acid — ^a  substance  of 
which  Mr.  Children  will  not  admit  the  existence but  it  will  be 
observed  in  other  cases,  especially  in  the  note  at  the  bottom  of 
this  page,  that  Mr.  Children  evidently  refers  to  hydrochloric  acid, 
as  a  compound  of  hydrogen  and  chlorine.  I  confess  I  see  no 
advantage  in  using  the  term  barua  instead  of  baryta^  or  even 
harytes ;  and  if  the  term  hydmchloric  acid  is  to  be  admitted,  I 
cannot  conceive  on  what  grounds  hydromlphuric  acidioi  sulphu- 
retted hydrogen  is  to  be  rejected. 

1  had  mtended  to  have  made  various  other  references  to  the 
useful  additions  contained  in  the  Ap})endix  ;  but  1  have  already 
extended  this  article  to  so  great  a  length  that  I  must  conclude 
with  observin[r,  that  this  work  contains  in  a  moderate  compass 
what  can  scarcely  be  found  without  numerous  references  to  a 
variety  of  chemical  authorities  ;  and  I  strongly  recommend  it  as 
worthy  of  the  confidence  and  study  of  the  young  analyst.— jB<^« 


JVb^c  hy  the  Editor. — In  the  last  number  of  the  Annals^  some 
errors  occurred  in  the  analysis  of  the  Edinburgh  Pharmacopuiia. 

In  mentioning  the  Oxidum  liydrargi/ri  Cinereum,  the  quan- 
tity of  lime  contained  in  the  lime-water  is  much  overrated. 
Under  common  circumstances,  the  quantity  directed  by  the 
.College  cannot  be  considered  as  too  large. 

Page 61,  line  10  from  the  bottom,/or  42  readS2, 

2  from  the  bottom,  fhr  one-ninth  part  read  one* 
third  part 


Article  XV. 

Proceedings  of  Philosophical  Sadetiu. 

ROYAL  SOCIETY. 

m 

In  the  Idst  number  of  the  Annals^  the  address  of  Sir  Humphry 
Davy,  on  taking  the  chair  as  President,  was  given  with  a  degree 
of  brevity  so  little  suited  to  the  occasion,  that  I  am  happy  to  be 
able  now  to  ^ive  more  at  length  the  heads  of  his  discourse. 

The  President  commenced  his  address  by  repeatinfj;  his  thanks 
to  the  Fellows  of  the  Royal  Society  for  the  distinguished  honour 
which  they  had  done  him  by  placing  him  in  the  chair.  He 
stated  his  entire  devotion  to  the  cause  of  science,  and  assured 
the  Society  that  his  feelings  were  deepi,  and  would  be  permanent 
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Sir  Davy  then  proceeded  to  point  out  the  difficulties.wUdi 
attended  the  pursuits  of  philosopners  at  an  early  period,  and 
lience  existed  the  necessity  of  placing  in  the  rooms  of  the  Royal 
Society  a  collection  of  such  machines  as  were  useful  in  the  pro- 
gress of  experimental  knowledge.  From  tho  improvements 
vvhicli  had  been  made  ni  mechanical  and  chemical  arts,  he 
observed  there  were  now  but  few  occasions  in  which  individuals 
could  not  conduct  their  experiments  in  their  own  laboratories; 
he  expressed  a  hope,  however,  that  on  occasions  of  imporlance, 
and  which  might  mcur  great  expense,  the  proposers  would  uojt 
fail  tu  recur  to  the  Society. 

The  President  then  observed,  that,  owing  to  the  progress  of 
science,  various  associations  had  been  formed  for  its  advance- 
ment since  the  period  when  the  Royal  Society  stood  alone,  and 
he  expressed  a  hope  that  it  would  always  preserve  the  most 
amicable  relations  with  these  new  Societies  ;  and  that  when  any 
new  facts  of  importance  were  observed  by  them,  they  would  not 
fiiii  to  communicate  them  to  the  Ro^ral,  as  tlie  parent  Society, 
whose  records,  he  observed,  contain  all  that  was  valuable 
l»m  the  time  of  our  early  philosophers.  He  disclaimed,  bow- 
ever,  all  wish  on  the  part  of  the  Royal  Society  to  exercise  any 
authority  over  the  more  recent  associations,  whose  objects 
were  similar. 

AjRDer  some  farther  remarks  on  the  inexhaustibility  of  the  sub* 
j€cts  of  scientific  pursuit,  he  observed  that  philosophers,  like  the 
early  cultivators  m  a  great  new  continent^  in  proportion  as  Chey 
dear  the  country,  discover  more  and  more  the  vastness  of  the 
snrrounding  wilds.  As  the  chart  of  a  new  country  is  essential  in 
guiding  the  traveller,  so,  he  continued,  might  the  aspects  and 
characters  of  new  objects  be  usefid  to  scientific  investigation  ; 
and  with  this  view  the  President  offered  some  observations 
respecting  those  diliicult  departments  of  inquiry  which  appeared 
most  capable  of  improvement.  The  pure  mathematics,  as  a  work 
of  intellectual  combination,  are,  he  conceived,  incapable  of  receiv- 
ing aid  from  external  phenomena;  be  con.^idered  them,  how- 
ever, at  the  present  moment  as  promising  nevv  appHcations, 
observing  that  many  departments  of  philosophical  inquir}"-,  to 
which  the  mathematics  were  formerly  inapphcable,  are  now 
brought  under  its  dominion. 

After  the  discovcrv  of  the  Georgium  Sidus  there  appeared  but 
little  probability  tliat  new  planetary  bodies  should  be  discovered 
nearer  to  our  earth  than  any  of  those  already  known  ;  yet  this 
supposition,  the  President  observed,  had  been  found  erroneous, 
owing  to  our  limited  conceptions  of  nature.  The  discovery  of 
bodies  smaller  than  satellites^  but  having  the  motions  of  primary 
flanetSj  has  opened  new  views  of  the  arrangement  of  the  solur 
^stem. 

Sir  H.  Davy  then,  alluding  to  astronomy^  as  the  most  ancieiit 
NemSma,  vol.  i,  -  k 
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and  perfect  uf  tlic  sciences,  pointed  out,  as  subjects  for  investi- 
gation, the  nature  ot  the  systems  of  the  fixed  stars^  their  changfes, 
tne  relations  of  cometary  bodies  to  the  sun,  and  the  motions 
of  those  meteors  which  throw  down  showers  of  stones  ;  for 
in  a  system,  he  observed,  in  which  all  is  harmony,  even  these 
must  be  governed  by  fixed  laws,  and  intended  for  definite 
purposes. 

The  great  question  of  universal  gravitation,  audits  connexion 
with  the  figure  of  the  earth,  the  President  observed,  had  been 
long  solved.  By  the  mechanical  refinements  of  a  Fellow  of  the 
il^ociety,  new  means  had  been  devised  of  estimating  the  force  of 
mmty  with  exactitude.  Sir  H.  Davy  stated  the  desire  which  he 
Knevf  was  entertained  by  the  Royal  Academy  of  Sciences  at 
Paris  to  connect  their  labours  with  those  cttrried  on  by  the  com- 
mand of  the  Board  of  Ordnance  in  Britain  :  should  this  take 
place,  there  would  then  be  estabhshed^  he  observed,  on 
the  highest  authority,  an  admeasurement  of  l-18th  of  the 
whole  circumference  of  the  earth — a  great  record  for  posterity, 
and  an  honour  to  our  own  times* 

As  connected  with  die  subject  of  ihe  figure  of  Hie  earth,  Sir 
H.  Davy  referred  to  the  late  voyage  to  ihe  Arctic  re^ons,  which, 
he  observed,  presented  hopes  of  greater  discoTenes ;  and  he 
made  honouraole  mention  of  those  by  whom  the  expedition  was 
planned  and  executed — an  expedition  which  he  characterized  a& 
worthy  of  the  greatest  maritime  nation  in  the  w  orld. 

The  discoveries  of  Huygens,  Newtou,  and  Wollaston,  in  the 
theory  of  light  and  vision,  were  stated  to  have  been  followed  by 
those  of  Malus.  The  President  then  alluded  to  the  subject  of  the 
polarization  of  light,  and  the  labours  of  other  eminent  philoso- 
phers; and  expressed  an  opinion  that  this  discovery  would 
establish  a  new  connexion  between  mechanical  and  chemical 
philosophy. 

The  subject  of  heat  as  connected  with  that  of  light  vras 
remarked  as  having  lately  atibrded  a  ricli  harvest  of  discovery. 
"The  applications  of  the  doctrine  of  heat  to  the  atomic  or  corpus- 
cular philosophy  of  chemistry  were  represented  by  the  President 
as  abounding  in  new  views  ;  and  he  noticed  several  facts  which 
seemed  to  point  to  some  general  law  on  the  subject:  1.  The 
apparent  equable  motion  of  radiant  matter,  or  light  and  heat, 
through  space.  2.  Hie  equable  e:q»ansion  of  all  elastic  floids 
by  equal  increments  of  temperatuK.  3t  The  contraction  or 
expansion  of  gases  by  chemical  changes,  in  some  direct  ratio  to 
their  original  vdume.  4.  The  circumstance  that  the  elemental^ 
narticles  of  all  bodies  appear  to  possess  the  same  quantity  of 
teat. 

The  wonderful  electrical  instrument  of  Volta  had  done  moie, 
it  was  remarked,  for  the  obscure  iNuts  of  physics  and  chemistry, 
Aaa  the  microscope  for  natural  histoiy,  or  even  the  tele&cope 
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for  astronomy.  Sir  IL  Davy  then  alluded  to  the  electro-magne- 
tic experiments  of  Oersted,  and  the  award  oi  the  Copleiau  mtidiU 
to  that  philosopher. 

The  subject  of  chemistry  next  claimed  the  attention  of  the 
President;  and  he  justly  remarked,  that  to  point  out  all  the 
objects  worthy  of  inquiry  in  this  braiioli  ui' science  wouhi  require 
many  sittin^j^s  ot  ilu?  vSociety.  Among  tiitj  luoxe  important  desi- 
derata, were  uientiont d  the  knowledge  of  tiie  nature  of  the  com- 
hinatioiis  of  the  principle  of  the  fluorspar,  and  the  metallization 
Oi  ammonia,  together  with  the  connexion  between  mechanical 
and  chemical  phenomena  in  the  action  of  voltaic  electricity. 
Sir  H.  Davy  then  congratulated  the  Society  OA tbenapid  advances 
loade  in  the  theory  of  definite  proportiooi^  since  it  was  first 
adTasced  ia  a  distiaQt  form  by  the  ingenuity  of  Mr.  Daltoo, 
he  stated  the  pfomise  which  it  affords  of  solving  the  vecondite 
(Ganges  in  the  particles  of  matter,  by  laws  depending  upon  thftir 
weight,  number^  and  figure.  As  connected  with  definite  propoi» 
tions,  the  crystallizations,  or  regular  forms  of  inorganic  matter^ 
weie  next  noticed,  and  were  observed  to  depend  upon  the  motion 
sf  the  combinations  of  elemental^  particle%  to  which  the  laws 
of  electrical  pcdarity  aqd  the  polansation  of  light  seemed  to  have 
idaftion.  Alluding  to  the  difficulty  of  framing  an  hypothesis  to 
soeount  for  the  origin  of  the  primary  arrangements  of  the  crystal- 
liae  matter  of  the  globe,  Sir  H.  Davy  stated  the  two  princip^.! 
filots  which  present  analogies  on  the  subject :  One,  that  the  form 
of  the  earth  is  that  which  would  result,  supposing  it  to  luu  e  been 
originally  fluid  ;  and  the  other,  that  in  lavas,  uju&.se5  decidedly 
of  igneous  origin,  crystalUne  substances  fciiuilar  to  those  belong- 
ing to  the  primary  rocks,  are  lound  in  abuiidance. 

The  President  then  noticed  the  regular  gradations  which  occur 
in  the  phenomena  of  nature,  from  the  motions  of  the  great 
ittaases  of  the  heavenly  bodies,  to  the  im|)eroLptil)le  changes 
which  produce  the  phenomeaa  of  crvstallizcilion  ;  and  when  thks 
ends,  the  series  ot  animated  nature  governed  by  a  distinct  set  of 
laws,  begins;  and  as  important  objects  of  investigation,  the 
iunctions  a^  operations  of  organi;zed  beings  were  pointed  out ; 
as,  fur  instance^  those  reined  chemical  processes  by  which  the 
d^ath  and  .decay  of  one  species  affwd  nourishment  for  another 
and  higher  order;  hy  which  the  water  and  inert  matter  of  the 
^  and  the  atmosphere  are  cottireiEt^  iAtf>  debqately  organiasid 
itmctowes,  filM  with  life  sod  b^uty. 

In  vegetable  physidogy,  the  motion  of  the  sap,  the  fimctioi^s 
flCihe  tosm^  and  the  natare  of  die  oigans  of  assimilatioii,  were 
fwalioaeji  as  pheam^^  Mill  remaining  fc^  ^vestigation ;  a^d 
itaahaal  piqretology,  the  subjects  were  stated  ip  be  still  more 
^med,  obscure^  and  of  a  hi^er  order;  and^a^bope  was  exjprassad 
hjrike  President,  that  the  philosophers  of  the  schools  of  Grewe 
Wlfianber  w#uld  mt  octane  their  efforts  for  the  in^vement  9f 
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these  branches  of  hcience,  the  first  of  great  utility  to  agriculture, 
and  the  latter,  to  medicine. 

Sir  H.  Davy  then  expressed  his  conviction  that  the  spirit  of 
philosophy,  awakened  by  the  great  masters.  Bacon  and  iNevvton, 
would  guide  the  future  proceedings  of  the  Fellows  of  the  Royal 
Society.  The  sober  and  cautious  method  of  inductive  reasoningrs 
of  these  12:1  eat  philosophers^  he  described  as  the  germ  of  truth  and 
of  penrianen(  V  in  all  the  sciences  ;  and  he  trusted  that  those 
who  were  so  fortunate  as  to  kindle  the  Ught  of  new  discoveries 
would  use  theiUi  not  for  the  purpose  of  dazzling  the  organs  of 
intellectual  visioiii  but  rather  to  eDlighten,,by  showiDg  objects  in 
their  true  form  and  colours. 

A  hope  was  also  expressed  by  the  President,  that  our  philoso- 
phers will  attach  no  undue  importance  to  hypotheses,  treating 
them  rather  as  parts  of  the  scanblding  of  the  building  of  science 
than  as  belonging  to  its  foundations^  materials,  or  ornaments ; 
that  they  will  look  where  it  is  possible,  to  practical  applications 
in  science,  without  forgetting  the  dignity  of  thmr  pursuit,  the 
noblest  end  of  which  is  to  exut  the  powers  of  the  human  mind, 
and  to  increase  the  sphere  of  intellectual  enjoyment,  by  enlarg- 
ing our  vi^ws  of  nature,  and  of  die  power,  wisdom,  and  goodness, 
of  the  author  of  nature. 

After  alluding  to  the  right  which  the  Royal  Society  had  to 
expect  proofs  01  the  zeal  of  those  members  in  promoting  its  pro- 
ess  who  had  not  yet  contributed  to  it  ;  and  after  stating  that 
e  Society  would  always  consider  the  success  of  past,  as  pledges 
of  future  contributions,  the  President  concluded  a  brief  but 
luminous  and  impressive  review  of  the  present  state  of  the 
sciences,  with  observing,  "  For  myself,  1  can  only  say  that  I 
shall  be  most  happy  to  give,  in  any  wav,  assistance,  either  by 
advice,  or  experiments,  in  promoting  the  progress  of  discovery. 
And  thon^h  your  good  opmion  has,  as  it  were,  honoured  me 
w  ith  a  rank  similar  to  that  of  a  General,  I  shall  be  always  happy 
to  act  as  a  private  soldier  in  the  ranks  of  science/' 

Let  us  then  labour  together,"  said  the  President,  and 
steadily  endeavour  to  gain  what  are,  perhaps,  the  noblest  objects 
of  ambition— conquests  in  the  field  of  natural  knowledge ;  acqui- 
sitions which  may  be  useful  to  our  fellow  creatures.  Let  it  not 
be  said  that  at  a  period  when  our  empire  was  at  the  highest  pitch 
of  greatness,  the  sciences  began  to  decline :  let  us  rather  hope 
that  posterity  will  find  in  our  records  proofs  that  we  were  not 
un^vorthy  of  the  times  in  which  we  uved." 

Jan.  18. — paper  of  Dr.  Davy's  was  read,  giving  an  account 
of  his  inquiries  lelative  to  the  urinary  organs,  and  secretion  of 
two  species  of  rana  common  in  Ceylon :  from  which  it  appears, 
first,  that  the  bladder  of  the  bull  frog  and  brown  toad  (the  tiro 
species  in  question)  is  a  genuine  receptacle  of  nrine,  which  it 
receives  from  the  cloaca,  in  which  the  ureters  terminate  ^  and 
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secondly,  that  their  urine  is  not  at  all  anaiogoiis  to  that  of  other 
animals  of  the  order  amphibia,  being  very  dilute,  containing  urea 
and  certain  salts,  but  no  appreciable  quantity  of  lithic  acid. 
This  peculiarity  of  urine,  so  well  adapted  to  the  size  and  struc- 
ture of  the  bladder,  is  the  more  remarkable,  as  the  favourite  food 
of  these  animals  is  the  same  as  that  of  small  lizardsi  whose 
urine  is  of  a  butyraceous  consistence,  and  nearly  pure  lithic 
acid .  Hence,  and  from  other  facts  mentioned  by  the  author,  he 
adduces  the  conchision  that  the  nature  of  urine,  in  every  instance, 
depends  much  more  on  the  peculiar  action  and  structure  of  the 
secreting  organs  than  on  pecoUarities  of  diet,  or  of  the  circulat- 
ing fluids. 

At  the.  same  meeting,  a  paper,  by  C^fL  Kater,  was  read, 
entitled  An  Account  of  the  Comparison  of  various  British 
Standards  of  Linear  Measure." 

Jan,  25, — ^The  reading  of  the  Balierian  lecture,  by  Captain 
Kater,  on  the  form  and  the  kinds  of  steel  most  proper  to  be  pm^ 
ployed  in  making  ma^etic 'needles,  was  commenced. 

At  the  same  meeting  was  read,  "  An  Account  of  a  Micro- 
meter made  of  Rock  Crystal,"  by  G.  DoUond,  FRS. 

The  improveuieiiL  consists  in  making  a  sphere  ol'i  ock  crystal, 
and  applying  it  in  the  place  of  llie  usual  eye  glass  oi  a  telescope, 
and  Ironi  its  natural  double  refracting  property  rendering  it  use- 
ful as  a  micrometer. 

Jaji.  5. — A  paper  on  the  Geoloey  of  the  North-eastern  Border 
of  Ben2"al,  by  H.  T.  Colebrooke,  Esq.  VPGS.  &c.  was  read. 

Tiie  Brahninpntra  river,  which  unites  its  stream  with  the  Ganges 
at  a  short  distance  from  their  common  junction  with  the  sea,  after 
a  long;  course  in  the  Himalaya,  passes  through  the  mountains  of 
Asiam,  and  issues  into  the  plain  at  the  north-east  corner  of  Ben- 
gal. At  that  position  is  a  hill  at  Jogigopha,  which  is  connected 
with  the  Rhotan  mountains,  acftl  which  consists  chiefly  of  a  large 
hemispherical  mass  of  gneiss  having  strata,  or  rather  masses,  of 
granite  on  the  north-eastern  and  western  sides. 

On  the  opposite  or  southern  bank  of  the  river  is  the  hill  of 
Pagnalath,  which  also  appears  to  be  composed  of  gneiss,  the 
masses  running  from  N.E.  to  S.W.  at  an  angle  of  45  . 

At  Givalpara,  a  few  miles  to  the  east  of  Paglanath,  granite  is 
found. 

The  same  rocks  occur  again  at  Dhabui,  a  low  hill,  partly 
covered  with  alluvial  soil,  near  the  confluence  of  the  Gradadhar. 
Blocks  of  primitive  greenstone  are  also  met  with  here  in  various 
parts  of  the  bank  of  the  river.  At  the  confluence  of  the  Kelanke 
riW|  which  issues  from  the  Garo  hills,  a  little  lower  down  is  a 
pt^ipitous  bank,  exhibiting  graphic  granite,  and  gneiss. 

In  the  bed  of  the  river,  blocks  of  compact  felspar,  primitive 
gl^stone,  and  quartz,  united  with  felspar  and  hoiubieiide,  aie 
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On  the  left  bank  of  the  Brahmoputra  and  the  Caribari  hills, 
or  cliffs,  which,  for  a  considerable  extent,  consist  genei  all  v  jI  slate- 
clay,  horizoutally  dispused,  with  a  stratum  of  yellow  (or  more 
properly  green)  sand  lying  above  it,  indurated  at  the  bottom  in 
some  places,  and  accompanied  with  ferriigmous  concretions. 
In  many  places,  a  stratum  of  clay  is  found  resting  on  the  greeu 
sand ;  and  over  it,  the  bank  is  composed  of  white  or  red  saad 
mixed  with  gravel. 

In  different  paits  of  the  cliff,  coarse-grained  sandstone,  clay 
ironstone  concretions,  nodules  of  slate  day  and  fossil  wood  have 
been  found.  In  a  bed  of  organic  remains,  situated  under  a  small 
hill  on  the  chff,  about  seven  feet  below  the  level  of  the  highest 
flood  of  the  river,  and  150  feet  above  the  level  of  tl^e  sea,  with 
layers  of  clay  above  and  beneath,  and  resting  upon  alternate 
strata  of  sand  and  clay^  a  variety  of  fossils  have  been  found, 
resembling  in  characters  those  which  have  been  discovered  in 
similar  strata  in  tbe  London  and  Paris  basins. 

On  the  banks  of  the  Festa  where  it  issues  from  die  Rhotaa 
mountains  to  descend  into  North  Bengal,  the  rocks  are  found  to 
consist  principally  of  sandstone,  containing  much  mica.  Ferru- 
ginous fc^andstone  was  found  in  one  place,  and  wood  coal  in 
another,  where  the  sandstone  coiuprises  large  pebbles.  The 
bauks  of  the  Snbeck,  another  river  which  descends  from  the 
Kliotan  mountains,  present  similar  strata. 


Article  XVI. 

SCIENTIFIC  INTKLLTGENCE,  AND  NOTICES  OF  SUBJECTS 

CONNECTED   WITH  SCIENCE, 

I.  Crystallization  of  Red  Oxide,  of  Copper  by  Heat, 

Mr.  Chenevix,  in  his  analysis  of  the  araeniate  of  copper  and  of  iron 

(Phil.  Trans.  1801),  has  remarked,  that  by  exposing  oxide,  hydrate,  or 
carbonate  of  copper,  witliout  addition,  to  a  violent  heat,  in  an  open 
cracibie,  hu  frequently  obtained  the  red  oxide  ui'  copper,  presenting 
nil  the  properties'  of  this  species  of  ore.  On  one  occasion,  he  sa3's, 
tliat  the  weli-experier.ced  eye  of  tlie  Count  de  Bournon  recognized  a 
lump  of  it  to  boa  mass  of  semi-fused  artificial  red  copper  ore. 
'  Some  lime  siiice  I  exposed  a  quantity  of  protoxide  of  copper  to 
heat  and  air  in  an  iron  vessel  n  ith  the  intention  of  converting  it  into 
peroxide  ;  I  accidentally  observed  that  tlie  characters  of  tlie  red  oxide 
of  copper  were  even  more  distinctly  marked  than  they  appear  to  lia?e 
been  in  the  mass  obtained  by  Mr.  Chenevix. 

The  bottom  of  the  mass  is  in  the  ionn  oi  lUat  of  the  vessel  in  which 
^  copper  was  burned — a  portion  of  a  sphere. 

The  mass  consists  of  layers  of  pure  copper,  and  of  the  red  oxide* 
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akeraatiDgy  but  not  with  apparent  regularity.  The  pure  copper  and 
red  oxide  are  sometimes  intermixed  in  the  same  layer. 

The  red  oside  i»  distinctly^  though  minntelyt  ctystidlized  in  the  fbcm 
of  the  primary  octohedron,  and  of  the  cnbe»  and  in  intermediatn 
varieties. 

The  pure  copper  is  also  in  extremely  small  and  brilliant  Ccyotals,  but 
so  minute  that  I  cannot  perceive  theur  formg  by  the  help  even  of  the. 

strongest  glass. 

The  greater  part  of  the  surface  of  tiie  mass  is  tinged  of  a  green 
colour :  portions  of  it  are  vitreous  and  transparent.  The  green 
colour  is  found,  by  the  assistance  of  a  strongs  g^ass,  to  be  owing  to  the 
presence  of  librous  crystals  which  are  translucent,  but  too  minute  for 
the  determination  tlu  ir  f  orm.  They  have  greatly  tiie  colour  and 
appearance  of  the  phoaipliate  of  lead. — En. 

II.  Description  of  Two  New  Mineral  SubstanceSfJbundb^  Dr.  MaC". 

cuHoch  in  Rum  and  MulL 

■  **  The  last  mineral  substance/'  sa>  s  Dr.  MaccuUoch,  "  which  re- 
mains to  be  enumerated,  being  hithtrto  undescribed,  it  is  necessary 
to  enter  into  a  minuter  detail  respecting  it.    Many  years  liave  pai>sed 
since  I  discovered  it  both  here  {Kuin)  and  in  Fife;  and  the  descriptiofti 
has  been  hitherto  dcla)  ed  in  hopes  of  tinding  larger  specimens,  belter 
adapted  for  elucidating  its  hibtory.    These  hopes  have  been  hitherto 
diaappointed,  and  I  must  therefore  give  it,  however  imperfect  ;  in 
Imes  that  oth»  nnneralogssta  .wUl  hereator  supply  the  deficieiuBiest 
When  recently  broken  it  is  of  n  green  cok^r ;  varying  from  the  ttan^* 
parent  yeUo«r  green  of  the  finest  oUvin  (or  chrysolite)  which  it  some^ 
times  resembles  so  as  to  be  undistinguisnablei  to  the  dull  mnddy  green, 
of  steatite,  to  wbieb  in  this  ease  it  bears  an  equal  resemblance.  •  In  » 
ibw  hoars  after  being  taken  from  its  repository,  or  exposed  to  the  irfr^ 
it  turns  darker,  and  shortly  becomes  black ;  a  diange  vhioh  aisooceum 
within  the  rock  at  the  depth  of  an  inch  or  more  from  the  surface.  la 
this  case,  the  transparent  variety  puts  on  the  external  aspect  with  the 
lustre  of  jet :  while  the  opake  one  preserves  its  dull  surface,  and  mere; 
neady  resembles  black  chalk.     Notwithstanding  this  cliange,  the 
mineral  when  in  small  fragments  still  continues  to  transmit  light.  The 
^t  variety  remains  perfectly  translucent,  and  presents  in  some  spe- 
cimens the  fine  brown  orange  of  cinnamon  stone,  in  others  a  rich  bottle 
or  olive  green.    The  other  aj)pears  also  of  an  olive  green,  but  it  is  not 
PI  ore  translucent  than  ore  of  the  same  thickness.    When  powdered, 
tlic  one  IS  of  a  suuiiy  brown,  the  other  of  a  dirty  olive.    The  structin-e 
of  the  first  variety  is  generally  conchoidal.  that  of  the  second  is  com- 
monly intermediate  between  tlie  conchoidal  and  granular.    It  is  so 
soft  as  to  be  scratched  by  a  quill,  and  is  brittle;  easily  breaking  into 
minute  nregular  frasrmeiits.    The  specific  gravity  is  ^'020.  With 
respect  to  its  chLinical  habits,  it  remains  unchanged  belure  the  blow- 
pipe ;  neither  crackuig  nor  sensibly  altering  its  culuur  or  translucency. 
it  IS  apparently  as  refractory  as  quart/i ,  a  remarkable  circuAistauoe» 
when  the  quantity  of  iron  in  it  is  considered.  It  is  acted  on  by  muriatiei 
acid,  giving  indications  of  a  considerable  proportion  oC  iront  ^ 
itiie  uonuna;  but  the  principal  constituent  appears  to  be  siliear.  Hhere 
are  no  traces  of  lime  or  of  mos^nmifle.  The  very  mmnte  qfrntityl 
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possessed  for  examtnatioDy  prevents  any  more  accnrate  detail  of  ite 
compofiition. 

*Ut  is  found  imbedded  in  the  amygdaloids  of  the  difls  of  Scuir  mcnne» 
ibe  base  being  either  a  basalt;  or  a  black  indurated  daystone.  Tbe^ 
nodules  arc  generally  rounds  and  vary  from  the  size  of  a  radish  seed 
to  that  of  a  pea  or  upwards.   Occasionally  they  are  oblong  and  com- 
pressed^  and  sometimes  scale  off  in  concentric  crusts.    In  a  few  in-' 
stances  they  are  hollow  witliin,  the  interior  surface  having  a  blistered 
aspect ;  or  else  the  cavity  of  the  amygdaloid  is  covered  witli  the  sub- 
stance in  a  form  resembling  that  of  an  exudation.   More  rarely  atHF' 
the  nodule  is  compounded,  containing  a  spherule  of  calcareous  spair 
within  an  investing  crust  of  the  mineral.    When  long  exposed  to  the 
air,  it  decomposes  in  the  form  of  a  rusty  powder,  which  is  thus  occa- 
sionally found  filling  those  cavities  th;.t  arc  visible  on  the  surface  of 
the  fragments  in  which  it  is  found.    The  variety  from  i  Ife  differs  from 
that  of  Rum,  in  being  less  regular  in  form,  and  less  frequently  rounds 
while  it  is  commonly  also  of  ii  larger  size.    From  the  most  characte- 
ristic quality  of  this  mineral,  the  term  chloropliaeite  may  be  conv'c- 
niently  adopted  for  distinguishing  it."    Dr,  Macculloch  adds,  that  he 
has  since  seen  this  mineral  brought  from  Iceland  by  Major  Peterson*. 
(Western  Islands,  vol.  i.  p.  504>.) 

•  *  

"  In  reviewing  some  of  the  amygdftloids  collected  in  Mull,  I  disco- 
vered a  non  descript  substance  intermixed  with  some  prehnile,  but  too 
small  in  quantity  for  examination.  Having  since  found  the  same  mi- 
nei^al  in  greater  abundance  in  Glen  Farg,  I  shall  give  the  best  descrip- 
ttoti  of  it  1  am  enabled  to  do  from  these  specimens,  as  I  cannot  now 
assign  the  exact  locality  of  the  former.  It  has  hitherto-  escaped  the 
observation  of  mineralogists,  and  the  description^  however  imperfect, 
idll  therefore  be  of  use,  by  directing  their  attention  towards  it»  and 
thus  probably  ascertaining  its  existence  in  other  places.  Its  extemal 
characters  are  very  limited,  since  it  consists  of  a  loose  white  powder, 
somewhat  coarser  than  silica  as  it  ifbobtained  from  the  silicated  alka^ 
,  lies,  gritty  between  the  teeth,  but  not  so  hard  as  to  scratch  glass. 

"  It  does  not  effervesce  with  acids,  and  before  the  blow-pipe  it 
melts  immediately  into  a  transparent  colourless  bead,  with  a{>parently 
the  same  facility  as  glass.    It  is  certainly  at  least  more  fusible  thain^ 
datholite.    I  have  not  been  able,  from  its  condition,  to  determine  ic& 
specific  gravit}^    On  attempting  to  analyze  the  very  minute  quantity 
that  could  be  spared  for  that  purpose,  it  was  found  to  consist  princi- 
pally of  silica.    A  small  quantity  of  lime  was  taken  up  by  muriatic 
acid,  but  its  fusibility  was  not  destroyed  by  that  treatment.  tVher* 
treated,  liowever,  ia  a  similar  manner  by  sulphuric  acid,  the  fusibility 
w^s  destroyed.    No  alkali  was  found  in  it,  nor  any  boracic  acid,  nor 
any  traces  of  metallic  matter.    It  is  not  easy  therefore  to  accoi^nt  for 
its  great  fusibility,  unless  it  should  contaiii  the  new  alkali.    In  this 
uncertain  state  must  its  chemical  composition  remain,  until  other spe- 
<nmens  are  procured  to  admit  oi  a  repetition  of  these  experiments  on 
ai'more  extensive  scale.    It  is  found  filling  irregular  caviiici,  in  the 
Mygdaloid  of  the  valley  above-mentioned,  so  well  known  to  mineral- 
ogists ;  where  it  is  accompanied  by  analcime^  mesotype,,  jprehnite  and  • 
ealpareoitt  spar.  There  is  no  appearance  of  daconipoaitioa  id 
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i  acoompanj^M  fninerals,  and  I  may  add  that  the  apeclmcns  in  question, 
were  broken  mm  ft  fresh  rock  in  which  they  were  deeply  imbedded* 
The  preceding  characters  seem  to  distinguish  it  for  the  present  from 

7  ftU  the  mineral  substances  hitherto  described ;  and  the  term  oonite; 

j,  appears  wdl  adapted  for  it»  as  being  expressive  of  its  most  conspicnona 

{•  feature. 

|.  **  On  this  substance  I  sball  only  remark  as  I  recently  did  on  treating 
^  of  Rum,  that  it  is  preferable  to  erect  a  species,  though  it  should  after- 
P  wards  prove  a  variety  of  some  known  substance,  than  to  neglect  the 
5  obscure  characters  which  minerals  often  present.  It  is  to  greater 
^  accuracy  of  research  and  of  knowledge  that  we  are  indebted  to  the 
g  recent  rapid  augmentatioQ  of  the  list  of  minerals."   (Vol.  i.  p.  578.) 

^  III.  ProdttcHon  of  Artificial  CM, 

'I     When  on  Ben  More  in  Mull,  about  3097  feet  high,  Dr.  MaccuUodfc 
^  made  the  foUowing  observation. — On  this  mountain  I  was  accideotr 
ally  led  to  observe  the  d^ree  <^  cold  produced  by  the  mixture  of  ice 
.  and  alcohol.    A  storm  of  hail  had  fallen,  accompanied  by  a  tempera- 
\  tore  below  freezing.   Some  whiskey,  the  usual  appendage  of  a  High* 
^  land  vteticum,  being  produced,  I  was  obliged  to  dilute  it  by  putting 
some  hail  into  die  cup.   In  an  instant  the  metal  was  covered  with  Icel- 
and frozen  to  the  glass :  on  trial,  the  quicksilver  in  the  thermometer 
sunk  into  the  bulb.   On  repeating  the  experiment  afterwards  with 
qdmmon  alcohol,  the  c(^d  was  found  to  amount  to  49^  or  50^.  It 
\  presents  a  convenient  method  of  obtaining  a  low  temperature,  when 
other  less  common  materials  are  not  at  hand."  (Western  Islands,  voL  u 
p.  534.) 

IV.  Mercurial  Almosphere, 

It  has  been  long  admitted  that  in  the  upper  part  of  the  thermometer 

and  barometer  an  atmosphere  of  mercury  exists,  having  a  very  small 
'  deglree  of  tension;  and  Mr.  Faraday  has  shown,  by  the  following 
simple  experiment,  that  a  mercurial  atmosphere  may  exist  without 

removing  the  air.    A  small  portion  of  mercury  was  put  through  a  fun- 
iiel  into  a  clean  dry  bottle,  capable  of  holding  about  six  ounces,  and 
ibnned  a  stratum  at  the  bottom,  not  one-eighth  of  an  inch  In  thickness  j 
particular  care  was  taken  that  none  of  the  mercury  should  adhere  to 
the  upper  p;u  t  of  ihc  inside  of  the  bottle.    A  small  piece  of  leaf-gold 
^-   was  then  ;ittached  to  the  under  part  of  the  stopper  of  the  bottle;  so- 
that  when  the  stopper  was  put  into  its  place,  tlie  leaf-gold  was  inclosed 
m  the  bottle.    It  was  then  set  aside  in  a  safe  place,  which  happened  to 
boih  dark  and  cool,  and  left  for  between  six  vvucki  and  two 
months.    At  the  end  of  that  time,  it  was  examined,  and  the  leaf-c^old 
.  wssfound  whitened  by  a  c|iianutv  of  mercury,  thi^ough  every  part  ut  the 
bottle,  and  mercury  remaintd  ap})arently  just  as  before. 

^is  experiment  was  repeated  several  tinitb,  bliowiug  that  mercury  is 
ways  surrounded  by  an  atmosphere  of  the  same  substance. — (Faraday* 
Quarterly  Journal  of  Science,  No.xx.  p.  355.) 

V.  Saipburet  of  Chrome. 

^»  I,  L.  L^ssaiD^ne  has  obtained  this  compound  by  the  following 
Focees :  Chloride  of  chrome  was  prepared  by  boiling  chromic  add  wi£ 
^cets  of  mnrialac  and  evaporating  to  dryness.  It  was  then  nttjud 
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witfiftre  tkiMt  lis  weight  of  Ml|^lMir»  «nd  heated  tairiutoiieMia  a  bent 
g|M  tube.  The  lesukbg  sulphuret  cf  chrome  vtm  blackish-grey 
cuMrr ;  it  is  unctuous  to  the  feel,  very  light*  and  readily  fiiUiiig  to 
powder;  when  tubbed  on  bodiet»  it  leaves  marks  similar  to  tlioac  sf 
plumbago.  Heated  in  a  platiiia  c|rttcible,  it  burns  like  pyraphoroo^ 
giving  fumes  of  sulphurous  acid,  and  leaving  deep-green  cc^loured 
oxide  of  chrome.  It  is  net  readily  acted  upon  by  nitric  acid :  but 
when  this  acid  is  mixed  with  munatic,  it  is  easily  dissolved.  It  b 
composed  of  chrome,  100;  and  sulphur,  10  54.  By  mixing  equal 
parts  of  chromate  of  potash  and  sulphur,  and  heating  the  mixture  in 
dose  vessels,  green  oxide  of  clironie  was  economically  obtained  by 
M.  Lassaiirne.  It  is  to  be  washed  with  water  to  dissolve  the  sulphate 
and  sulphuret  of  potash,  which  leaves  the  oxide  of  chrome  pure. 
Equally  fine  oxide  of  chrome  was  obtained  by  heating  sulphur  with 
the  produce  of  the  evaporation  of  the  solution  of  chromate  of  iron, 
treated  by  nitre,  to  which  a  little  sulphuric  acid  had  been  previously 
added  to  precipitate  the  earthy  matters  which  had  been  dissolved* 


'  Owng  io  a  mistake  qf  the  engraver^  if  has  been  found  refuisiie  to  ffoe 
«  neu)  Plate  of  Mr.  PraWs  Chnometer^  which  the  reader  ts  reptestw  to 
substitute for  that  in  the  last  number  of  the  Annals, 


Article  XVII. 

NEW  SCIENTIFIC  BOOKS 

Dr.  Good  is  prejparing  for  publication.  The  Study  of  Medicine, 
comprising  its  Physiology,  Pathology,  and  Practice.  These  volumes, 
in  addition  to  that  lately  published  on  Nosology,  and  dedicated,  by 
permission,  to-  the  College  of  Physicians,  will  complete  the  Antbof's 
design ;  and  constitute  an  entire  body  of  Medical  Science,  equally 
adapted  to  the  use  of  Lecturers,  F^adltioners,  and  Students. 

Travebin  Syria  and  Mount  Sinai,  by  the  late  J.  L.  Burekhard,  are 
in  the  press. 

A  work,  entitled  **  Fk-actical  Economy,  or  Hints  ftut  the  Af»plic»* 
tion  of  Modern  Discoveries  to  the  Purposes  of  Domestic  Life,"  ispre^ 
paring  for  publication. 

Mr.  Haden,  of  Sloane-street,  is  about  to  publish  a  Montllly  Journal 
of  Medicine,  addressed  principally  to  unprofessional  persons. 
work  will  teach  the  prevention  rather  than  the  cure  of  disorders ;  at 
the  same  time  that  it  will  point  out  how  the  friends  of  the  sick  may,  in 
the  best  way,  assist  their  medical  men  in  his  treatment,  and  otherwise 
show  how  health  may  be  preserved,  and  disease  warded  off. 

An  Inquiry  into  the  Nature  and  Treatment  of  Gravel,  Calculus,  and 
other  Diseases  connected  with  a  deranged  Operation  of  the  Urinaty 
Organs.    By  William  Prout,  MI).  FRS.  8vo.    Is,  boardb. 
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An  Essay  on  Sea  Bathing,  in  preserving  Health,  and  as  a  Remedy 
in  Disease,  especially  Nervous,  Scrophulous,  &c.  By  J.  W.  WiliiamSy 
Member  of  tht'  College  ot  Surgeons,  London.    12mo.    5s,  6d, 

Cases  illustrating  the  improved  Treatment  of  Stricture  in  the  Ure- 
thra and  Rectum.    By  James  Arnott.    8vo.  4^.6d. 

A  Dictionary  of  Cfhemistry,  on  the  Basis  of  Mr.  Nicholson's;  in 
which  the  Principles  of  the  Science  are  .  investigated  anew.  By  An- 
drew Ure,MD.  8vo.    IL  Is.  boards. 

practical  Observiitiona  in  Midwifery ;  with  a  Selection  of  Cases.  By 
John  Rainsbothainy  MD.   8to.   Part  I.   10^.  6d. 

Phictical  Obtemtions  on  Chmlc  'Aifeedem  of  t&e  Digestire  Or- 
gans, and  on  Bilious  and  NervouaDiaeffders.  By  John  Tliomas,  MD* 
8to.  6s. 

IlliistrationB  of  the'great  Operations  of  Surgery.  By  Charlea  Bell. 
Part  I.   Plates  coloured.    1/.  IsL 

Universal  Science ;  or  the  Cabinet  of  Nature  dnd  Art ;  comprising 
various  Selections  from  useful  Dfacomies  in  the  Arts  and  Sctencea* 
By  Alex.  JamieaoiL  ft  vols.  I2m^.  16ir; 


Article  XVIH. 

NEW  PATENTS. 

James  Ransome,  of  Ipswich,  iron-founder,  and  Robert  Ransome,  of 
'  Colchester,  iron>found^,  for  an  improvement  upon  an  invenlion  by 
Junes  Ransome,  for  whidi  he  noir  hath  a  patent,  June  1,  1816,  for 

certain  improvements  on  ploughs.   Nov.  9Bf  1920. 

William  Kendrick,  of  Birmmgham,  chemist,  for  a  combination  of 
ipparatus  for  extracting  a  tanning  matter  from  bark  and  other  sub- 
itaDces  containing  such  tanning  matter.    Dec*  5* 

Thomas  Dohbs,  of  Smallbrook-street,  for  a  mode  of  uniting  toge- 
ther, or  plating,  tin  upon  lead.    Dec.  9. 

John  Moore,  Jun.  of  Castle-street,  Bristol,  for  a  certain  machine  or 
machinery,  which  may  be  worJced  by  steam,  by  water,  or  by  gas,  as  a 
moving  power.    Dec,  9. 

George  Vansban,  of  Sheffield,  for  a  blowing  macliine,  on  a  new 
construction,  tor  the  fusing  and  hcnting  of  metals,  smelting  of  ores, 
and  supplying  blast  for  vai'ious  oilier  |jurj)0ses.    Dec.  14. 

William  Mallet,  of  MarlborouL^h-strrct,  Duhltu,  for  ituproveraents 
on  locksi,  applicable  to  doors,  and  to  other  pui  jio^os.    Dec.  H. 

Andrew  Timbrt^ll,  of  the  Old  South  Sea  Huuse,  London,  for  an 
improveuieut  of  the  rudder  and  steerage  of  a  ship  or  vessel.    Dec.  22. 

Sir  William  Congreve,  Bart,  of  Cecil-street,  Stra^ul,  for  iuiprove- 
nents  in  printing  in  one,  two,  or  more  colours.    Dec.  22. 

William  Pritcnard,  of  Leeds,  for  improvements  in  an  apparatus  to 
save  fuel,  and  for  the  more  economical  consumption  of  smoke  in  shut- 
fire-doors  and  atr-flues  in  steam-engine  boilers,  drying-pans,  and 
brewing.pans,  other  fire-doors  and  air-flues.   Dec.  22. 

Marc  Isambard  Brunei,  of  Chelsea,  for  a  pocket  copying-pre^s,  and 
ilsoiiBprovementa^on  copying-pressaa.   Dec*  22* 
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Article  XIX. 

Astronomical,  Macrnetical,  and  Meteorological  Ob$ervaiion9* 

By  Col.  Beauiuy,  F.ll.S, 

Bushel/  Heath,  near  Stanmore. 
Latitade      $V  44-3"  North.   Loogitafb  West  in  time  1'  S0*93''. 


Astronomical  Observations, 

Dec  2.    immersion  of  Jupiter's    second  <  7''   32'  0-2"  Mean  Time  at  jiu&hey.^ 

iatellite  i  1    33   2 J   Meaii  Tiiiie  at  Greenwich. 


Magnetical  Observatums,  1820.  —  Variation  West* 


Motidnff  Obserr. 

Noon  Obs^. 

Hour. 

Variation. 

Hour. 

Variation. 

Hm.  ] 

50' 

240  32' 

24" 

Ill 

20* 

240  set 

44" 

8 

a 

45 

84 

85 

34 

1 

15 

24 

36 

25 

3 

1 

30 

24 

36 

42 

4 

8 

35 

j  24 

31 

40 

I 

20 

24 

37 

26 

5 

s 

40 

84 

38 

86 

1 

85 

84 

36 

45  1 

6 

8 

55 

24 

33 

5G 

1 

40 

24 

37 

14 

7 
8 

a 

40 

84 

38 

18 

I 

20 

84 

30 

48 

9 

a 

40 

24 

33 

19 

1 

10 

24 

36 

22 

10 

8 

35 

84 

38 

51 

1 

15 

84 

37 

81 

11 

8 

45 

84 

89 

35 

I 

40 

24 

39 

49 

12 

1 

20 

24 

36 

20 

13 

8 

45 

24 

35 

15 

I 

25 

24 

36 

40 

14 

8 

45 

24 

33 

27 

1 

15 

24 

3G 

59 

15 

8 

S5 

84 

38 

44 

16 

a 

40 

84 

38 

3T 

1 

10 

24 

37 

CO 

17 

1 

20 

24 

35 

38 

lb 

19 

80 

i 

15 

84 

37 

09 

21 

8 

50 

24 

33 

30 

I 

25 

24 

36 

24 

«2 

8 

45 

24 

32 

12 

1 

15 

24 

87 

46 

23 

8 

50 

24 

Si 

20 

1 

10 

24 

36 

19 

84 

8 

45 

24 

31 

53 

1 

15 

84 

35 

58 

25 

8 

40 

24 

31 

56 

1 

20 

84 

36 

17 

26 

8 

55 

2i 

1 

25 

24 

36 

05 

27 

8 

55 

24 

32 

44 

1 

20 

24 

36 

18 

28 

8 

45 

24 

32 

34  i 

1 

15 

24 

36 

42 

89 

a 

45 

84 

31 

n  1 

1 

20^ 

84 

36 

37 

30 

8 

60 

24 

32 

50 

1 

20 

24 

35 

51 

31 

a 

45 

84 

38 

10 

I 

15 

84 

35 

55 

Iklean  fori 
^fendi.  J 

45 

84 

33 

03 

1 

80 

84 

36 

34 

Evening  Obeerv* 


Hour. 


I 

SO 

CO 

a 
o 
•3 

a 

t 
I 


c 

-  i-H 

a 
> 


O 

c 

I 

J3 


Variation. 
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Meiearologicai  Obiervatiam. 


Month*  Time. 


Mottl.  •  • . 
Noon. . . . 
fZven . . . . 
Morn.... 
Noon.... 
Even , . . . 
Morn. . . . 
Noon. . . . 
JEiVen .... 


Noon. . . . 
"Even  . . . . 
Morn. . . . 
Noon. « •  • 
£ven  •  •  • . 
Mom . . , , 
Noon . . . . 
Even . . . . 


Barom. 


9. 


15< 


16. 


Nooa. . . . 
Even .... 
Mom ...  J 
Noon.... 
Syen  •  • • • 
Vfoin. ... 
Noon... . 
Even .... 
Mom. . . . 

Even .... 
Morn... . 
Noon .... 
Even .... 
Bfocii.  •  •  - 
Noon... . 
f  ven  •  . 
Mori*  •  •  ■ 
Noon.  ■  •  • 
Even . • • . 
Mom .... 
Noon. . . . 
Ev^ .... 
Bftoni* « •  • 
^oon..*. 
Even  . . 
Mom. , 
Noon, . 
Even  • 
Moid..,  . 
Noon... . 
Even . . . 
Mom.  •  •  • 

N0(BU«*» 


IndMs. 

29-676 
29-649 

29-449 
S9>449 

29-603 
29019 

29*479 
29*483 


Ther. 


29*440 
29-382 

29-541 
29-574 

99-568 
89-589 

29-682 


89-703 

29-660 

29*543 
89*516 

29-375 
29-412 

29-131 
29-100 

28-  932 
88-990 

29-  396 
29-489 

89^64 


29-193 
29093 

29-127 
29-194 

89*600 

OOiJMlA 


35f» 
41 

37 
40 


43 

49 
58 


49 
50 

45 
46 

40 

58 


47 
48 

48 
40 

49 
51 


50 

46 
86 

31 
86 


Hyg. 


28 
31 

34 
38 


1S9 

70 

80 


82 
75 

78 
72 

71 
70 

84 
79 

79 
78 

74 


69 
68 

74 
70 

88 
72 

87 
76 

82 
88 

70 
67 

05 


74 
71 

83 
78 

87 
83 


Wind. 


WNW 
W 

WbyS 


ssw 

SW  by  W 

WbyN 
WbyS 

W 
W 

£ 
S£ 

W 
WliyS 

WbyS 


W  by  S 
W  by  S 

SWby  W 

WSW 
W 

SSW 
WSW 

NNE 
NS 

NbyE 
NNE 


Veioaty. 


Feet 


ESE 

Calm 
NbyW 

SEby  £ 

si 


Weather. 


Qoudy 
Cloudy 

doudy 
Gkudy 

Fog,  rain 
Run 

Gloady 
Fine 

Cloudy 
Bain 

Fog 

Rain,  fog 

Fine 
Cloudy 

Cloudy 


Cloudy 
Cloudy 

Cloudy 
B«n  • 

Rain 
Mizzle 

Fog,  rain 
Cloiidy 


Six's. 


rain 


Fo«, 
iUdn 

Clear 
iClear 


Cloudy 


Cloudy 
Cloudy 

Fog"^ 

Fog 

Fog 
Fog 


16S       Co/.  9emtfb^  Met^orahgiemi  OimrwatianB*  (Vn. 


Time. 

4 

Weather. 

Inches. 

Feet. 

Bf  orn . .  •  • 

880 

6 

Fog,  rain 

N<MKi«  •  ;  • 

85 

%W 

Fog,  rain 

£?€P  «« •  • 

— 

.  

— 

■ 

>  ov 

Mom, ... 

29-900 

84 

SSE 

Wet,  fog 

Noon .... 

43 

88 

S 

Fog,  rain 

482 

Even .... 

— 

U8 
^8 

Afoot*  »•  • 

29-618 

47 

73 

w 

Cloudy 

NOORa  a  .  & 
*  ^  w».«»  V  V  V  V 

29*088 

46 

68 

w 

€2lMidy 

48 

Kven  .... 
Alorxi  *  •  • . 

29-668 

3T 

— ' 
78 

Wby  N 
W 

Veiy  fine 
Bain 

Noon. . . . 

29*64S 

48 

78 

£▼01  • • . . 

Morn. . . . 



29-510 

39 

— 

75 

N£ 

Clou  d  y 

Y  37f 

Noon .... 

29-458 

41 

68 

N£ 

Cloudy 

41 

Even  ... 

— 

'  iVgflwMM  M  m  m  A 
•■■^^Wiyi^  V  *  *  V 

99*400 

88 

73 

E  by  N 

Okadj 

^^^SO^k  9  •  •  « 

89*300 

82 

70 

JBN£ 

OMly  ' 

38 

Even .... 

r* 

Mom .... 

29-349 

29 

70 

ENE 

Cloudy 

Noon. , . . 

29S35 

29 

71 

£N£ 

Clcrndy 

29i 

Even « •  • . 

_ 

29-263 

28 

72 

E 

Raw 

Noon* ... 

25-263 

70 

£ 

Cloudy 

30 

Even .... 
Bf  om  •  •  *  • 

29994 

— 
28 

— . 
69 

— 

EbyN 

doiidy 

i  87f 

Noon*  •  • » 

89«40S 

89 

69 

E 

. 

Okmdj 

30 

Even .... 

— ~ 

- — 

^  Of 

p7 

Mom. . . . 

29-404 

27 

69 

NE  by  B 

Clear 

Noon. . . . 

29-434 

29 

63 

N£  by  £ 

dottdy 

29| 

Even .... 

•  Mont* « *  • 

29-479 

24 

NE  by 

GkHdy 

Noon, . . . 

89*489 

84 

66 

NSby 

Obridy 

25 

Even  . . . . 
Mora. . . , 

29-410 

24 

63 

Glaidjr 
■Smi 

C  23f 

PruOn  •  •  •  • 

WD 

^  oft 
so 

Even«.. . 

(  20 

Morn . . . . 

29-432 

81 

70 

NE 

doudy 

Noon  . . . . 

29-391 

87 

65 

^iiven . . . . 

1  «4 

22- 


83- 


25' 


86- 


88- 


31 


lin,  by  the  pkiviameter;  between  noon  liie  1st  of  Dec. 
md  nom  >tiie  1st  of  Jan.  m6ft  inch.  Evaporatioiiy  dtuing 
4aine  period,  1*133  ia. 
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Aktwlb  XX, 


METEOROLOGICAL  TABLE. 


Tbbrmometer. 

"r 

Hysr*  itt 

WIimL 

Mm. 

JuIIl* 

12thMon. 

■ 

< 

Bee  1 

N  W 

•in*  1  / 

/to 

— 

— 

90 

N  W 

<i  d  1  *  lift 

0  1 

— 

03 

84 

3 

s  w. 

30-10 

2997 

00 

— 

1 

90 

w 

2997 

29-93 

00 

— 

06 

77 

6 

w 

30-03 

29-87' 

K  1 

— 

6-9 

6 

E 

oO  03 

30-02 

D  1 

/Id 

— 

04 

■ 

7 

N  W 

30- 

30-02 

— 

82 

S 

s  w 

30-15 

30-12 

— 

76 

9 

w 

30- 13 

30-05' 

'in 

4.7 

— 

— 

64 

10 

s  w 

30  05 

2990 

— 

— 

S6 

11 

w 

29-90 

29' 05 

— 

25 

7* 

c 

12 

s  w 

29'6'5 

29- 4-9 

47 

— 

— 

90 

N  W 

29-90 

2947 

— 

78 

94 

14 

N  E 

2998 

29-90 

oy 

— 

84 

15 

S  £ 

29-90 

2979 

34 

26 

— 

=  €2 

S  £ 

2979 

2973 

35 

30 

— 

78 

17 

17 

30*10 

2973 

41 

34 

A/) 

Ql 

Iff 

£ 

30-23 

30' 10 

57 

41 

56 

02 

94 

0 

S 

30-35130  23 

50 

36 

100 

20 

s 

30-35 

30-1 1 

50 

40 

05 

100 

5f 

w 

30*15 

30-09 

50 

33 

71 

22 

s  w 

30-09 

30  01 

43 

34 

04 

88 

N 

30-01 

29-95 

42 

!  33 

90 

24 

;n  e 

2995 

35 

30 

64 

25 

N  E 

,  e.<)-Q3 

129-88 

32 

27 

07 

26 

E 

2996 

32 

29 

70 

27 

E 

29-99 

29*9^ 

»  33 

28 

65 

1 
* 

28 

\  ^ 

3004 

•29-9S 

)  33 

25 

61 

2i 

)  E 

30-04 

[  30-05 

;  29 

24 

59 

3( 

)'  R 

3003 

;  30-05 

I  29 

22 

60 

31 

:  30-0^ 

^  30 

21 

45 

58 

L^N  I 

303^ 

j29'43 

^  57 

1  21 

101 

l-67ilOO— 58 

The  observations  in  each  Une  of  tbe  teble  *•  *  poaod  «f  tweofc^WW  lKWi^ 
lMgiimingat9  A.  M.  on  the  da/indiaitad  inmefl^  A  OM  dcntiM  IMft 
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REMARKS. 


»  •  • 


7.r. 

Twelfth  Month. — 1,  2.  Goudy.  3.  Cloudy:  windy  night  4.  Fine.  5.  Cloudy. 
6 — 9.  Cloudy.  10.  Overcast:  some  rain.  11.  Overcast.  1 2.  Cloudy :  rainy 
night  IS.  Show^,  ^th  gnfetf  of  wind  iqosC  of  the-^dajfr :  IDnIb  at  one,  p.m. : 
about  half-past  eight,  p.  ni.  a  lunar  corona  surrdufided  by  a  double. cploured  halo. 
14.  Fine.  15.  Windy:  bleak.  16.  Rain:  sleet:  snow:  boisterous.  17.  Gloomy: 
ground  covered  with  snow  in  the  morning.  IS.  Gloomy  :  the  snow  nearly  all  gone. 
19.  Foggy  night:  a  faint  lunar  halo,  of  the  largest  diameter,  about  eight,  p.in. 
SO.  Gloomy.  21.  Gloomy:  ibggy.  2?..  Fpggy  moming:  cloudy.  2S.  Overcast: 
drizzling.  24.  Bleak.  25.  Cloudy:  bleak.  26,  27.  ^leak  and  cloudy.  28.  Fine 
dear  morning :  very  cold  wind.  29,  30.  Cloudy :  very  cold  and  boisterous  wind. 
31.  Overcast :  cold  wind. 


l>>Vi<VKa  x.ve'ViV^iVr.v  VV      RESULTS.   i^V^^V^ru)  \g  ^^bi*,xL  SiU  s(  ? 

^>v'^'tvAot:\  to  0  ,  j-^Wt'ii  A  i\r3A\\V  w^i.At  AmA^  eliuT 

/•ib'    IrihdS:  N,  1;  NE,  4;  E,  8;  SE,  2 ;  S,2  ;  SW,  5;  W,5;  NW,  if^i^l 
Barometer:  Mean  height         .  t, 


iTj  rf  \WOt\  For  the  lunar  period,  ending  the  27th  ufli.  .U.  30*002 

w  ^Al   lOOb     jp^^  12  days,  ending  the  12th  (moon  south)  . . .  29*990 

'^'^  (t'jvld^  Jl<»^*>'     ^y*'  26th  (moon  north)^.,,s^4,.v^^,  29-981  ^ 

Thermometer:  Mean  height         ^^'••'H  .^'3«fi'*1>^0»'/1 »  lift  ,| 

»1       ill     ,  "'^^^  M.^.,.  39-241» 

»;»^yiJa  Jor  the  lunar  period   40*645 

*       "  X/i '       For  29  days,  the  sun  in  Capricomus  . .  .  . . . .  42*482 

Evaporation   |.01  ^ 

^  .    .>#»  t  .     I    ^     •  f  :    1  r  ,v- 

K*m     1-67 


Mean  of  hygrometer  78*^ 


Merator^y  Stratfird,  Firtt  Month,  16,  1821.  R.  HOWARD. 


ANNALS 


or 


PHII^OSOPHY. 


MARCH,  1821. 


1 1 


On  the  Action  of  Ctystallixed  Bodies  an  Homogeneous  Light,  and 
on  the  Causes  ^  the  Deviation  from  Newton's  Scaie  in  the 
Tints  which  many  of  them  develope  m  Eiposmre  to  a  polarise^ 
Ray.  By  J.  F.  W«  Hmchel,  W  F&S.  Loud,  and  fidin* 
(With  a  Plate.).  * 

Out?  equation  {U)  gives  room  for  a  remark  of  some  couse- 
t^uence,  as  it  affords  a  striking  vehficatioa  of  the  theory  here 
^delivered.  It  wiU  be  observed  that  this  equation  does  not 
iQvolve  t,  and  in  consequence,  the  angle  d  deteimined  from  it,  at 
which  the  coincidence  takes  place,  is  the  same  for  all  values  of 
t,  or  for  all  thicknesses  of  the  plate.  The  observations  of  the 
tiats  in  the  tables  given  above  afibrd  us  ample  means  of  putting 
this  remarkable  consequence  to  the  test  of  experiment,   la  fact» 

the  tluree  series  of  tints  'observed  in  sulphate  of  baryta,  the 
apparent  angles  between  the  axes  for  the  mean  red  rays  are 
respeotivehr  ^  «ad  61^  63',  the  mean  of  which  is 

61^  58',  while  the  apparent  iangles  between  the  virtual  poles  in 
tteaame  series  iure  72?  72''3e',  and  72°47^  The  semi- 
excesses  of  the  latter  an&:le8  over  the  mean  value  of  the  former 
ttJBtne  apparent  angular  distances  of  the  virtual  poles  froin  the 
ttes  of  mean  red  rays,  and  are  respectively  5°  24',  5°  19',  5°  2S\ 
neither  oi Which  differs  more  than  ^'  from  the  mean. 

To  ascertain  the  real  value  of  3,  we  have  only  to  compute  the 
^gles  of  refraction.  In  the  specimen  employed,  I  found  1*6475 
for  the  index  of  ordinary  refraction,  and  the  angkft  of  incidenc^ 

New  Series,  yfou  %•  h 


Ifl2  Mr.  Herschel  on  the  Action  of       '  [MabcH, 

(the  halves  of  the  above  angfes)  being  30^        and  ^  03^^ 

alleles  of  refradioa  im 
18^  12^  3(K'  fl),  2P  e'  10",  21<*  3^4(K',21*  6^40^;  and  riftce 
•  =s  f  ^  a  in  this  caae^  we  find  fo»  <h#  valaea  of  4, 2<^  68^  40^, 
2**  Sr  5P  54'  the  mean  of  wKlch  give*  2*  68^  0"  tot 
&e  real  angular  diatanoe  of  the  virtual  pole  flx>m  die  uie  of 
mean  red  raya  in  sulphate  of  baryta. 

Again,  in  the  series  of  tints,  Tables  V,  VI,  VII,  for  Rochelle 
salt,  the  apparent  angular  distances  of  the  mean  red  axis  from 
the  virtual  pole  we«e  277°  8'  -  2^7°  35'  =  19^  33';  281°  SQT 
-  262°  0'  =a  19®  30',  and  282^  (/  -  262°  25'  ^  19^  35',  of 
which  neither  ditieis  more  than  3'  from  the  mean  19°  33'. 

Dr.  Brewster  (Phil.  Trans.  1814,  p.  216)  has  stated  the 
retractive  index  of  this  salt  at  1'6-15;  but  this  is  certauily  a  httle 
too  largo.  In  four  experiments  nuide  at  distant  intervals  of 
time,  and  by  diHerent  modes  of 'obaeiwation,  ihave  found 


1-49640 
1-49670 


1-50220 
1-49853 


for  the  index  for  the  mean  yellow-green  raya,  of  which  determi* 
nations  the  last  is  to  be  pvfefehM,  aaviug  been  made  with  great 
care.  The  same  cxpenment  gave  1*49293  for  the  index  for 
imn  ml  rays/  Th»  ^fpMmt  angtAir  lUattboe'  Df  ^  tftfia  *r 
fM  tttyli  firohi  "Ofe  ))^rpeadicidttr  %tta  96**,  ^MA  lea/v^  S3' 
ibrAe.ttDgftlaiT'Atatatibe  t^'the  viftmd  pole  "frtnn  ^fe  pei^fieiidi- 
^JtthMS  These  angles  df  kieidence  correspond  to  the  respective 
angles  of  refraction  10°  38'  20"  and  2°  22'  40",  of  which  the 
sum  13°  I'  is  the  real  angle  between  the  virtual  pole  aud  mean 
red  axis  in  Rochelle  salt.  The  series  in  Table  IV,  gives  13°  2' 
"SS"  for  the  value  of  $,  vvliich  agrees  completely  with  the  fore- 
jgoing  deterniiualion.       **  '      '  * 

1  took  8eveu  plates  of  nitre  of  various  thickueisses,  and  cut 
irom  different  crystals,  and  by  -a  mode  of  observation  to  be 
deaoribed  hereafter.  Ibuud.  as  follows  ; 


Desicnation     ,     ^  1.1. 

nlat>*  ;P^i.'^'^  ^"^^^  mean 
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•Although  the  constancy  of  the  position  of  Uie  virtual  pole  foi* 
tjifferettt  thicknesses  is  sufficiently  made  out  here,  the  small 
9ifierenceB  xvhich  ejcist  are  certainly  not  attributable  to  errors  of 
lohservation,  which,  in  the  method  1  eniployed,  are  usrnally  con- 
fined within  much  narrower  limits.  They  are  due  to  minute 
irregularities  in  the  crystals  themselves,  consisting  probably  in  a 
state  of  imperfect  equilibrium  of  the  molecular  forces  of  aggre- 
gation, to  which  this  salt  is  so  sxibject,  that  it  is  r^ither  rare  to 
nnd  a  specimen  in  which  the  rings  beyond  botix  poles  have 
jKB^ictty  the  sftine  br^4l4  or  tints* 

IV,  Of  the  TifUs  developed  bf/  Crystals  with  two  Axes  &ut  of  the 

principal  Section.  '  . 

If  we:{^iAOe  ia.  erystiJlized  pitfte  at  an  azimuth  zero  hr  %  totimta^ 
lipe  <qp|^amttts>  having  the  axes  of  the  tdnrmtilrnes  at  right 
ittBgle^y  .  we  ailltll  obsme,  if  its  thickness  be  at  all  considerablt, 
that  the  two  oval  spots  on  either  side  the  axis  of  sjrtnmetrj^ 

Siiich  kntiwp^drectly^black)  instead  of  bekig^exactly  regularhi 
eir  figure,  as  in  Pt/fV.  fig.  2,  and  tinged  wtth 'colours  symme- 
!li(sali^. disposed  on  either  side  df  a  Ihie.m  n  perpendicdar  to 
^e  prOicipal  sectioo,  are  invariably  coloured  at  one  extfeimty  r 
Hrith  a>tron^  prismatic  red  hue,  and  drawn  out'  at  the  other  i> 
lli&a^inore  or  lestf.  elongated  and  tapering  spectfa  ortatts  of  blue 
'fad  violet  light.  The  extremities  r,  r  of  the  rings  too  have  a 
large  excess  of  the  red  rays,  and  the  opposite  t%  v  of  the  violet 
rays.    In  crystals  of  the  first  class  above  described,  the  red 
extremity  is  turned  towards  the  other  pole,  while  in  those  of  the 
second  it  is  directed  from  it.    If  we  subject  a  plate  of  llochelle 
'Salt  to  this  examination,  the  ovals      a,  are  drawn  out  to  a  sur- 
"prising  length,  and  the  whole  prismatic  spectrum  is  displayed  in 
'them  with  great  vividness  of  colour,  while  the  violet  portions  of 
the  rings  are  greatly  elongated  also,  and  appear  to  run  into  one 
another.  If  the  plate  be  f  urned  round  in  azimuth,  the  phenomena 
assume  the  most  singular  appearances  of  distortion ;  and  as  the 
rotation  approaches  to  45°,  the  rings  in  the  vicinity  of  the  pole 
are  gradually  obliterated  by  their  mutual  overlapping,  which  is 
the  ^eater  the  thicker  the  plate*   1&  all  situations,  however^  the 
interposition  of  a  red  or  dark  green  glass  immediately  restores 
th^l^rfect  symmetry  arid  regularity  of  the  rings,  v.  hich  are  then 
seen  in  much' greater  number,  and  completely  well  defined. 

AH  this  is  the  necessanr  consequence  6f  the  want  of  coinci- 
.'diMr«f  tbe.fne«  Sir  dtfferant.  oahran.  The  'fetetal  spots,  for 
example,  are  formed  for  each  homogeneous  colour  with  perfect 
regidarity  close -  to  thehr  c4im8ponding  pote)  aj^d  Ts^gularly 
*^i>a^Dg  in      Uprnm  tbe  nfd  to  tha  vioitft.  Tttoktamfogement 
Acrefore;  be  as  represetited  in  fig.  3,  R,  O,  Y,  *c.  being 
^pel«ii.corre6ipon^31iig  to  tlie  seireral  cob  orange,  &c. 

81i»tM«l  «potB  eoftiposed  of  red  rays  bemg  representted  by  r,  r, 
those  of  the  other  colours  will  be  super-imposed  on  them  in  their 
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order,  overlapping,  as  represented  by  the  dotted  ovals  pq,.  j/jr, 
'  8cc.  hke  the  circular  coloured  images  of  the  sun  in  the  spectrum 
;of  an  ordinary  prism,  giving  rise  to  the  long  prismatic  tails  above 
rdescribed.  Similar  considerations  will  apply  to  the  anomalous 
appearances  presented  by  the  ring$  of  all  the  other,  ordexs,  aQ& 
W^very  situation.  •  -        <  •* 

•V  This  suggests  a  very  simple  and  pleasing  experiment,  which 
\affords  an  ocular  demonstration  of  the  adequacy  of  the  explana- 
^on  I  have  advanced.    Let  a  plate  of  Rochelle  salt  be  j^la^d 

touthonaline  apparatus  in  any  azimuth  (45^16  the  xn^ost  j^pnye- 
iDSent) '  and  firmly  fixed  on  a  proper  stand  in  a  dark  room.  'iThe 
eye  'b^nw  JMm  applied/ let  an  assistant  illuminate  the  emeHed 
glass  orlens  of  short  focus  *  which  dispfetises  the  ligbt  previous 
to  its  incidence  on  the  ArsttoiuniMditte>  with  the  several  colours 
«bf  the  pdainatric  spectnun  in  sucbessiofi^  bejginningwith  the  re4* 
The  Tii^  will  then  be  aetn  formed  feuccesBiv^ly  of  isach'  tfifc 
'colonra,  pttfeotly  regular  in  their  figur^>  but  dobtrdcting  rapidly 
^  dtmemiioft  as  they  beoome  iUuniinated  with  Ae  mor6  rcmiW 
ffhkt  riiyisut  At  the.niwe  time  the  pole  i^bont  ^i<^h  they  foim 
avift  be  Been  to  movte  regulaiiy  in  the  direetk>W  of  thle  oU^er  ttft 
«l  the 'Crystal,  and 'if  ire  pass  altemat^  from  e  idt  to  k  ^olrt 
^nminatioD,  will  shift  ite  posttfoft^oormngly,  baekWardct  antt 
forwards,  through 'a  very  considerable*  Angle. '  If  rays  of  tw6 
coloiirs  be  thrown  at  once  on  the  apparatus,  their  two  correspond- 
ing sets  of  rings  will  be  seen  at  once,  crossing,  but  not  obliterat- 
ing one  another,  and  the  distance  between  their  respective 
centres  will  be  observed  to  increase. with  the  difference  of  their 
colours. 

By  measuring  the  interval  occupied  by  the  prOjebtions  of 
the  centres  of  the  last  visible  red  and  violet  rings,  as  well  as 
those  of  the  intermediate  colours,  on  a  screen  at  a  known  dist- 
ance seen  with  the  other  eye,  I  found  the  following  values  of  the 
apparent  and  real  separatioa  of  the  several  coloured  axes : 

Between  ^  Apparent  interval.  Real  intervU* 

\  Red  and  orange       }]  0°  37'  very  uncertain  (P  2^  . 

• yellow.  V.     1    50  rather  unqertaia  . ,  1    13  , 
'      green.......  3    43  /ditto .'li-.X  .1  2  29 

•••'  blue.  .;:t:v  6  if',:^^!*:;!.  4  ''3^'^*^ 

indigo. 19^V;.;;;^;V;;:;U.  5  S3'''' 

As  a  mode  of  measurement  this  method  is  very  inaccuratei 


113*  .8ee  the  description  of  an  apparatus  of  this  kind,  suhjoined. 

■+kM  l^ecdon^  (^tiac,  Jib.;ij.        i.  Oh©,  xiii.  from  which  t^ie  idea  of  this  expe- 
MtiUxu  Xalken.    *^  Magnltoiu^  Wuplate  perfiisua,*'  says  Newton,  with  the  enthi 
«C  flie  true  philoMplicr  wllo  lives  Jhe  field  he  Ubaan  in,  "  v\dmSim\ 


contrahcre  so  gradatim  pro  eo  K  color  laminis  immutabatur."   It  is  impoenble  to 
nr^f.  the  very  wiAOBt  WHWIIIH  IBttt^MIIMPt 

.ttam  Of  feeling,     .  .  .  v       •  .   .^-^     ^^'^     .  >  ,  v.:  ir>  j^u^io 
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.t|^[H^isifIy  in       extreme  red  and  violet  rays^  both  of  which 

,^Qi44  he  copiously,  and  indeed  almost  entirely  absorbed  in 
<flieir  passage  through  two  plates  of  tourmaline  of  a  yellowish- 
green  colour.  Much  more  exact  and  unexceptionable  measures 
will  be  presently  given,  but  these  are  quite  sufficient  to  ^stabHsh 

'      .    •         '  ^        ♦  '  '  •  ^ 

"Sit' Of  a  secondary  Cause  of  the  peviation  of  Tints,  subsisting  in 

certain  Crystals,  and  of  the  anomalous  Tints  of  the  ApophyLlitg^ 

To  determine  the  dispersive  power  of  any  medium,  and  obtain 
some  rough  knowledge  of  its  law,  we  make  a -prism  of  it  aet  in 
oppositic^  $0  one  of  a  ^tftpdmd.  enibataace.  To  ascertain  th^ 
total  dispcp^ion^QC  t^ei  mf»  ot  liccystal,  or  the  angle  hy  whick 
ihe  ^t^eme  red  and  violet  axes  diffia^  vrefioay  makje:  it  ^et 
against  itself.  Since  the  violet  ringi..  are  more  elevated  by 
j^^actiQa,  tbai|.4h^  froiii..ibe  situation  in  wliidbLt&ef<woiM 
jppesur  Iq  an  eye  immersfed  ia  the.meilMin,  a  plile  mqribe 
il^ed  p^t  iii  such  .i^  4ir9Qtioii  m  to  ina|»  tiMif  appareat  oentree 
jjsompid^j  iii.:i^ifi}i  fs^.Xbe..  tinls  iKuvkodhtdbf  abotit'the  poBo 
fiD  ^gH]kQije,!iirith  NeiHoii'a  SM^ert^e^dthe  taxtMrdtDtrvima^e 
^tally  disappear  \n  Ibe  {Kde  at  an  tamuth  45^«  Tin*  con&- 
^^v^^  0|  *r4tf  +  ^f=5*  Oj/jfihenoe  (supposing  R,  W 
j|e  iiMjiice^  o^-refiraction  for  extBemQ      aiid.vioiet  Tays,  and  $  R 

E' pr.  li)  >ve  ftnd        '  '  • 

fljie  angle  (p  however  becomes  imaginary,  and  this  method,  in 

(consequence,  inapplicable  when  the  separation  of  the  extreme 

axes  (ha)  is  greater  than  the  maximum  dispersion  of- Ihe colours 

fi(MliAij:O0»itted  white  cay^  that  is,  when 

...     ^     ^    -    IB    -  * 
8  a  >   ' 

Xet  OB  resume  our  equation  {6),  and  supposing  the  form-  of 
4e function  A)^,  and  the  constants  «,  k,  kf,  R  and  5  H  ascertained, 
let  the  angle  fl,  at  which  the  coincidence  takes  place  be  observed, 
and  the  value  of  8  a  will  then  become  known.  If  we  suppose  it 
small,  which  it  is  in  the  generality  of  crystals,  we  get 

.  ^^.  =  '   •  -    .  ■  5  ' 

d¥      d  9 

being  put  for  4^  (6,  Q^)  for  the  sake  of  brevity).  At  incidenees 
oeariy  perpendKciilar,  S  f  may  be  neglected,  and  the  expression 
ndoces  itself  to 


4¥     i  9 

Ae  eomparison  of  these  ftianbs  with  obsenratioo^  wi 
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Ji^.iead  to  some  Teiy  remai^^ble  consequenbec^.  requires  wtp 
tknow  the  form  of.  tlie  functioa  audi  the  values  of  k,  ft'i^^  1)^ 
win  Js^iji.widi^  th^  fonneiv  sgoicL  in  this  inTeatigatton  the' i6i«|t 
ia  to  ^^tennipe  the  general  equation  of  me  iii6dtft)iitt^ 
.lines*  In  order  to  tliis,  must  sepaiaite  ia  all  cHiBes  fte,  law-c^ 
the  tint  from  that  of  ita  intensity*  Xhe  latter  depends^  entire!]^ 
on  the  greater  or  less  facility  which  the  emergent  ray  finds  in 
-penetratiiig  the  prism  of  Iceland  spar  employed  for  its  analysis^ 
cLud  will  liut  entt  r  into  the  present  mvetetigatiou.  When  we 
,e,\uiuiue  a  crystallized  plate  m  a  coaveuient  graduated  apparatus 
.  between  tQurmaliue  piates  crossed  at  right  angles,  turning  it 
slowly  round  between  them  in  its  own  plane,  the  form  of  the 
coloured  bands,  if  illuminated  with  homogrfiueous  light,  will 
xeiiiain  peileclly  unchimged  during  the  rotation,  but  the  twp 
.Blaok  hyperbyhc  branches  passino-  thrtmgh  the  poles  will  oblite- 
Tate  in  succession  every  part  of  their  periphery;  and  the  space 
over  which  the  darkness  extends,  as  well  as  the  dej; ree  of  ilhir 
miuation  of  what  remains  visible,  varyiqg  at  every  instant; 
^ive  rjae  to  fto  ^at  a  variety  of  appearances,  that  some  litd^ 
attention  Is  required. to  recognice  this  perfect  identtly  of  fi^tnea. 
When  the  tounnaline  next  the  ey^  is  made  to  revolv^,  the.^i^ 
*tollifiied  .plate  remainii^  fixed,  the  complicated  cbangea  which 
lake  place,  are  {{erfecUr  iecpncilable  with  the  superposition,  ef 
the  primaiy  on  its  complementary  set  of  rings,  the  relative  iatebf- 
aities  of  the  two  sets  at  any  point  being  regulated  by  kwib[  we 
have  no  occasion  to-  consider  ntprenent^  btvt  the  figure  of  Hke 
Isoohromatic  lines,  where  visibley  remaiiis  abstilttteljr  utt^an^ffl 
j^QT  any  rotation  in  this  part  of  the  apparatus.  :  - .  . 

*  To  form  a  fyst  hypothesis  on  the  nature  bf  th'^  Anetion  wRKh 
determines  the  equation  of  any  one  of  these  curtes,  we  miist 
select  a  crystal,  where  the  proximity  of  the  axes  and  intensity  of 
the  polarising  forces  uie  such  as  to  bring  the  whole  system  of 
rincrs  within  a  very  small  angiilitr  compass  ;  as  by  this  meanb  we 
avoid  aiuiost  entirely  the  disturbing  eflfect  of  the  %misiU<m  in 
thickness,  ari^uig  from  oLUtjiuly  of  incidence.  Di*;  Brewster^  in 
his  paper  of  181?^,  has  chosen  nitre,  as  affordins:  the  best  gene*- 
Ji\l  view  u[  (he  piienomena,  and  it  is  admirablv  adapted  for  t^is 
purpose  ;  the  whole  system  of  rirjgs  being  compiised  at  a  very 
moderate  thickness  w.ithin  a  space  of  10°,  allowing  us  to  regard 
their  projection  on  a  plane  per})endicnhir  to  the  optic  axis  as  a 
true  representation  of  their  figure,  undistorted  by  refraction  at 
the  surface,  &c.  If  we  examine  the  rings  in  this  crystal  (illumi- 
nated with  bomo|;eneous  light,  or  by  the  intervention  of  a  red 
Miass  in  conunoii  day-lighi),  it  wili  ne  evident  tbalr  Uie  geiiinl 
lorm  of  any  one  of  tnem  is  a  re-entering  sy moii^triiBaJ?-  •  miaah 
^fl^ich  no  straight  line  can  out  in  more  th^  four  points^  and 
which,  b^  a  variation,  of  some  constant  param^ef;  is  iH^on^  state 
wholly  concave,  is     fig.  4^  theovbeconles  flUtten^d,'  ato  2;  lllen 
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,^en  a  node,  as  4  ;  after  which  it  8eparate»  into  two  conrjtigate 
ovals,  as  5  ;  which  ultimately  contract  themselves  into  the  poles 
fPy  P''  as  conjugate  points.    The  general  idea  bears  a  striking 
resemblance  to  the  variation  in  form  of  the  curve  of  the  fourth 
prder,  so  well  known  to  geometers  under  the  name  of  the  lem- 
,2ii8cate,  whose  equation  is     ...  ^  .     *  '  ,       ,        ^  -  » 

.when  the  parameter  b  gradually  diminishes  from  infinity  to  zero, 
.  2  a  being  the  constant  distance  between  the  poles.    In  order, 
however,  to  put  this  to  a  satisfactory  examination,  accurate 
measures  must  be  taken,  which,  in  the  case  of  nitre,  from  the 
minuteness  of  the  system  of  rings,  presented  at  first  some  diffi- 
culties.   These  I  obviated,  after  many  fruitless  trials,  by  a  mode 
of  observation  which  I  have  found  extremely  convenient  and 
.accurate,  and  which  applies  particularly  well  to  the  present  pur- 
pose.   It  consists  in  projecting  the  rings  by  solar  light  on  a 
<gcreen  in  a  darkened  room,  by  which  means  they  may  be  magni- 
.  fied  to  any  required  extent,  examined  at  perfect  leisure,  and  in 
4^1  their  phases^  and  measured  or  traced  with  a  pencil  with  the 
,jqtmo$t  exajctness  and  facility.    They  may  be  thus  exhibited  too 
to  a  number  of  spectators  at  once ;  a  thing  which  may  prove 
^seraceable  to  the  lecturer,  for  which  reason  I  have  subjoined  to 
this  paper  a  brief  description  of  the  apparatus  I  employ. 
.  V  Having  cut  a  very  perfect  crystal  ot  nitre  at  right  angles  t(Tits 
M\&  of  cryc^tallization,  and  adjusted  it  properly  on  this  apparatus, 
,the  rings  were  projected  on  a  large  sheet  of  paper,  stretched, 
while  moist,  on  a  drawing  board,  by  which  means  it  assumes  a 
truly  plane  surface  by  the  contraction  it  undergoes  while  drying. 
The  poles  were  then  marked,  and  the  loci  of  the  successive 
maxima  for  red  rays  carefully  outlined.    The  screen  being  then 
.  ii^moved,  a  series  of  lemniscates  were  laid  down  by  points,  hav- 
..ing  the  same  poles,  and  one  common  point  in  each,  chosen 
.  where  the  tint  was  most  de^cided.    It  is  unnecessary  to  give  any 
comparative  statement  of  measures  in  the  observed  and  con- 
structed curves,  33  the  pointy,  graphically  laid  doxvn,  uniformly 
(fell  on  the  pencilled  outhnes,  or,  in  the  few  instances  to  the  con- 
-tmry,  withm  limits  less  than  the  very  trifling  ireegularities  of  the 
.jQAUline^  themselves. 

The  graphical  construction  of  these  curves  is  rendered 
.  extremely  easy  by  the  elegant  and  well-known  property  of  the 
lemniscate,  in  which  the  rectangle  under  two  lines  drawn  from 
the  foci  (or  poles)  to  any  point  in  the  periphery,  is  invariable 
throughout  the  whole  extent  of  the  curve.  This  is  easily  shown 
iteom  its  equation,  and  the  value  of  this  constant  rectangle  in  any 
one,  curve  is  expressed  hy  a  b. 

rj.i.We  must  next  enquire  how  the  constant  parameter  6  varies  in 
passing  from  ring  to  ring.  To  this  end  I  projected  the  rings, 
illuminated  by  red  light  only,  on  a  screen  as  before,  and  having 


■ 


^outlined  the  successive  loci  of  the  minima  of  illumination,  and 
laid  down  the  poles,  found  the  values  of  a  6  in  the  several  lena* 
niscates,  as  in  the  following  table  :  /».lij5>'»;.f^H«.  . 


^sdcT  of  the  mi- 


4- 


  4 

5 
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Observed  values 
of       ift  «f|Ma« 

.       A  .(ti 


'nr.-, 


7 
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0-00 
1  -62 
3-165 

6-57 


7-87 
9-36 
1109 

150S 
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1-62 
1-545 

<  .1-58 
1  60 
1-69 
i  153 

1-56 
"  f-60 


vl  r?  rlM«A  1-59 


Values  of  a  ^  com-  ExceM  bf 
puted  from  .  ^-Iputed  above  oh-s 
mula  a  6  rf  4*59  served  values  of 


1-59  1 
318 


636 
7  05 
9-54 
1113 

14-31 
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)d11r.o-oo,j,^ 
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1  r 


+  008 
-0-02 
4-0-04 
.  ,  — 0*05>  z? 
—0  02 
'  ^003 


The  nature  of  the  illumination  not  allowing  the  delineation  to 
be  performed  with  the  same  freedom  and  precision  as  in  a  fuller 
light,  the  values  of  a  6  in  the  second  column  are  the  means  of  a 
^reat  number  of  measures,  taken  in  every  part  of  their  respective 
curves.  The  numbers  in  the  fifth  column  exhibit  the  excesses  of 
*the  terms  of  the  arithmetical  progression  in  the  fourth  (whose 
common  difference  is  1*59,  the  mean  of  all  the^Ufferences  in  the 
tbird  column)  above  the  ob$erve(i(  y,alues  of  a  bf^wtd^m-^b 
-aiffiilly  to  authorize  the  c^nclusioiii  .that  tl^  and''6f 
^Btiie  thiose  of  the  parao^eter  mcraasq  jh  juit^met^  piK)^ 
gfenMon  with  the  order  of  the  rings ;  or/ inf'Otber  words,  thatthe 
'Sdtaibet  df  periods  jpeffontt^d  in.i  given  s^ce;  (=t:  1)  by  >  li^ii- 
-nous  molecule  going  to  form  any- point  M  in  the  pr<>jeejtion'Of  fysY 
Yhig  is  proportional' to  the  ileetangleT>ftbe  diatityogs  I^Mj^  IM^if, 
'^fflittt  point  f^bm  l^ie'l^^^  *     *  V^t' 

-  ^.  Kc^Wf.  if  we  e^dt^d  qurviews  ip  crystiUs    M^hio^  tlMS  ^ist^iice 
between  tlie4uce||  is  considerable,  we  rnay  reasoii^bly  expeet  mit 
'Ibfiiisttid  tifaoiiidQaj^h^    tbLkes4?lage'  in  analyticaLfommlcB  fiom 
«ihe  arc  to  its  sine^  when  we  pass  from  a  plane  to  a  spherical  soi- 
ftoe/witt  hoM^gboA.  .If  tbJsvbe  thejcnse;  iSlw  flhillflttLT)Qftiit>61ce, 

Mldinall  Case^r*     «      A  ^     •        --^       v^nl.s'v  •-,ff|  io  ■} 

-  jl"  /.'         rf..|.::' O  ^  "•^^  n>;gfn 

M  the  nkii^  t&e  1s6chfoi^'te^yj^'&^^  ^Wj^ 
period  will  be  expressed  by  the  equation 

T   "..^sinr*  •  siQ»'l'^abb'*^^.*eOBw  »  »  w  'A  .  COSJf'^o  -»*'^^  '^".'^A 

jputftiegu^ior      ...j(flb^..fiiatQ  be^QuiMoY^^ 
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lieit^K^:  CiyrtirijrirfABMatw^  ittii^aaii  Light.  M 


i  1 '. .  \i 


and  oonsequently 

.  sin.  0  .  sin.^  =: 


2  k  t  .  COS.  a 


(cos.  d  +  COS.  ^) ; 


(/) 


^j^Cbid^iib  tiie^,  I  'iook  a  6f  mica,  whoge^thteVfteiif 
meaBiiifed  0:023^78  m<j|i,  and  having  adjusted  k  'MBiiirately  oh  ft 
feided-ftppanttuD^  plaeed  i^w  «fi  aaiinqtb  46^,aad>  W4ibe4fli(av»- 
Tent^r{;of  thQ  red  J^^s  alx>Te»iiiei^oa4dy  obt;<^H^  tae  *^|kut3diiia 
and  fununa  of  Uiey>^xtiaoraiiia?y  Dfencil!  betwc^  tfael  poliis.  As 
thesar-blMervdtioiuii  (When  repeated,  selqom  agreed  unless  within 
a  fevpUinnte^y  10;*ijvtre  taken  df  each  ^aximu^  and  mftiitnum.. 
The  angles  of  incidence,  46duced  from,  a  mean  of  similair  obser- 
Tations  on  each  side  of  the  peipendicular,  are  set  down  in  the 
second  column  of  the  following  table,  each  number  in  which  isy 
therefore,  a  mean  result  of  20  observations.  The  first  <?oluma 
contains  the  values  of or  the  order  of  the  ring  observed  ;  the 
third,  the  angles  of  refraction,  to  obtain  which  1  used  the  index 
1*500,  employed  by  M.  Biot.*  The  fourth  and  fifth  columns^ 
contain' the  values  pf  9,  y,  thence  computed^  and  the-6th|  values^ 

•  '  ! '  •     ■  i 

iftthei .eoeffictent     deducedirom  the  ibnnula  k  aa-f^'i  ■ 

\Tabj^^  Thichiesi  L  0-02301  S  in.    .  ! 


r 


■  TalMcs  Angles  of  in-  Angles  of  re- 

'  0*0  35P    3'  SO^m^  3V 

.y(0-5   S^i    55    20  («l  !4 

10  19  49 

40  IS  24 

20  16  43 

20  14  57 

40  12  55 

40  10  27 

60    T  11 


.  ^-5  22  46 

30   19  35 

^8-5  Il5  48 

^^'16  48 


0" 
40 
30 
0 
30 
15 
10 
50 
10 


yhink  of  ^. 


CM 
1 

2 

4 

h 

7 

9 
12 
15 


10 
41 
7 
47 
33 
35 
3 
19 


7<y 

20 
30 
0 
30 
45 
50 
10 
50 


IS®  t*!  Of" 
43    4&!  40 

12    20  30 
10    55  0 
Mi'^^l^  SO 
87    S8  15 

'ib    20  10 
58  :)0 
419    42  10 


Values  of 


V03i932 
)0330S5 

0-OI9I4B 

'>03305'8 


Excesses- 


re 

-ooooiii 

+  0-0!  10475 
-0-000112 

+0HM5ra# 

.fOKXXlOOl 

_0-0()0().S9 
_0-()0l)l2l 
JO33010i-OOOO137 

0  033147  1   


f39lIh€l4astiColtimn  of  this  tabli^ exhibits  the  deviations  in  excess 
or  defect  of  the  values  of  the  quantity  //,  so  computed  from  the 
mean  of  all  of  them.    Their  smallness,  in  comparison  with  the 

Recherches  sur  les  Mouremens  des  Molecules  de  la  Lumieie,  &c.  p.  4.^2.  He  takeS 
ftpqual  to  that  of  <t^fft;j    j^^qui  ne  d^|k|s  etre  foi^  ^igyi^     |a  vezite.*'    I  hav* 
mnpted,  without  tacoess,  to  measure  its  value.-  Mliat  has  satisfied  M.  Biot  and  Dr. 
%mer  (for  the  hi^  has  ^ridentlv  iiaed  this  index,  oc  oMveiy  lieariL  Pfafl.  Tranv* 
^vVy.  iC't^Oy  ou^Kito^Mtb^  if  IS  fixate  ^  ii)  t|ie  pnnlenilkjtib^ 

*J<>ght  variation  in  the  jdttctife  index  will  praduce  bat  a  fcnr  tniBiog  change  iiv.tb» 
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of  the  constancy  of  this  coefficient,  and  we  are,  therefore,  autho- 
rized to  take  sin.  Q  x  sin.  fl'  as  the  general  value  of  >K6, 6^.  The 
observations  on  Rocheile  salt,  presently  to  be  noticed,  confirm 
^3  law.''^  If  we  denptp  by  /  the  minimum  length  of  a  double 
^adllation,  or  the  space  passed  o?er  during  one  complete  period 

«  mf  tllnampitM  ^.  agkt  AogtfiA^.W'  h<itk  wmk»mik.m 
mi  conseijweatljr  A.  =  fi  7  =        If  w^b  sub3titute  fori^wji^ 

MUpviliiei>aiiovgf<|ii^  ' 

/  =  0-00076497  inch       ♦       •     •  « 

£Qjr  the  minirroiin.l9P^  of  a  pedod  p«rfi>nned  by  a  xneaa  t^ijsff 
jQttwca. 

Resumiii^  our  general  equations  (i^)  and.  (d)  if  Jt^e.  snbaljliil^ 
;khe  value  now  determined  for  write  j  hr  ^,  we.  hmm. 

:«ii.(«'4- •         .  (g) 

•whence  it  ii»  efi3y  to  derive  (independent  of  any  appcoximationX 
'«os.  2  (a  +  > tf)  »  COS.  2  ^  +  2  ^  ^  .  sin, ♦•siii*^';'  («) 

^  '  I      COS.  <p  7  \  r 

while  our  approximate  equation  (d)  furnishes  the  following  voijf 
ccmvenient  formula  for  incidences  nearly  perpendicular 

.     .         /-/'   sin.e.tin.^'  '  •'• 

Bin>.S^  ^-ry-^  rifa^'ya  "      "•  «  -  (0 

The  simi^eBi  papposttion  we  can  frame  tdatiVH  tb  Ihe  "nMto 

df  tiie  constant  dmnentB  If  ^  is  dioir  profioitibndi^'tfrttcMili'itf 

<^    or  the  leaglhji  of  1^  to  of  easyrefieclioiiaiid  traoMiaaiQir. 

This  cannot  cer^Moly  be*ftirfrom  die*  truth- in  crystah  with  one 

i»,  in  whieii  tfie  coincidence  9f  liie  t;ints,  with  those  ffJK^w- 

l^'a  s^sale,  is  fiopr  ihe^ipost  partexact...  In  sulphate^of  liiiie-^cK)^ 

•nd'  mioa,  the  only  ciystals  with  two  ajtest  which,  faane  been  esa- 

n^ned  with  sufficient  exactness^  and  under  the  proper  circum- 

•  •  •      »  .    »  *.         • . 

*  When  9  =«  6',  as  in  crystals  with  one  axis*  we  have  (9,  9')  =>  lin.  9^,  a  result  long 
since  con&ined  by  the^  accurate  expqrinicnts  of  Brewster  and  BiQt.  The  velod^  of  the 
extraordinaiy  nj  lik  such  aytttdi »  0ven  tih«  IbrmuU  ^  V*  +  m  ,  thu  4*.  FdlU 
lowing  diis  analogy,  we  may  conduu  diat  in  crystala  vidi  two  axes  we  should  have 
a«  V*  +  a .  sin.  9  .  sin.  9'.  Now  this  i5  precisely  the  expression  at  which  M.  Biot  baa 
'iteently  arrived.  This  very  simple  and  elegant  result  was  communicated  to  me  by  that 
«nuv»t  phi)aap]|)iae  in  t)ia  s]^^  of  this  yaar,  and  ^^'^^^^^^  qf  ,A|af 


memoir  on  the  subjecjt.woim  appeara  (bv  the  Aimi*  cm  Gmm.)  to  nave  Iteen  nad  to 
the  Institute  in  April,  t  have  not  icen,  nor  do  I  knoi^  b^  What  precise  steps  he  was  led 
•to  it,  but  presume  it  rautit  have  been  by  some  c4>nAdeiations  of  the  nature  above 
described.  In  the  forcing  investigation  of  the  law  of  pfriodiaityy  I  beg  leave,  these- 
Ave,  to  disclaim  all  intention  of  arrogating  to  myself  any  aliai9i|i(&  1le•Qti^^.c^ppovel79 
^thaVe  bought  it  necessary  to  state  the  steps  fai  the  ikiCty  m  ord^  to  dononstrate  a 
^tmtfa  essential  to  the  investigations  that  fonow,  which  could  not  h&vc  been  taken  fbr 
gnmted^.  or  deduced  by  any  legitimate  reasoning,  independent  of  experiment,  from  tl^e 
e^natioin  «  Y*  -h  « .  sin.  6  .  an,  by  reason  of  our  ignorance  of  the  nature  and 
18m  <if  leliiiii  oTliieMiMfliiig  fiirops ;  aaa'liave  purpmely  abstained>flQBi.«ieBiiDg  any 
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alBtjfefea  iir  aacgi  hrirting  ihis  iisportant  poi&t,  the  iwnK  irf  pfopcoi^ 
liittiility^seenifi  to  be  sueteiwi  iiilh.gMai  pneeiMob  l!tiift»iMjf 

p  fli  p.  Let  us  see  how  this  agrees  with  the  measi^res  given  ijji^ 
the  fMHer  |iait  of  this  pa|»er. 

.  In  sul^liate  of  bai^Uy  if  we  take  Dr.  .Brewatei^s  measure  of 
(lie  di8{^niiye*I»ow«%^  we  We  $  R  as  0*019^  anitOOlMequently, 
eeioafetane  on  the  data  detelxnikied  mi'|i»  161^  we  moat  Wej  at 
the  wtuai  pole, 

<p  =  21^  &  30^     •  ^'  =  20°  60'  30''      6  f  =^  -  16^ 

Now,  if  we  suppose  /  =  0-3463  i'  =  3'9982,  the  values  of  (? 
and  respectively  for  tbe  extreme  red  tnfl  T'^^'^t  TTfyxj'  TO  lijiftH 
iind  by  substitution  in  our  formula  (//) 

^        '  aa  =61'  10^  . 

BiiC<ii'retl  ray  penetrating  the  snrfkee  iVoitt'  vMtAn  tte  eryiftal-ft 

iai^^«gle-«  *  1^  IS'  30%  ftnd  a  violet  one  aHm  angle  a  +  ^ 
4b  19f  3'  40'',  would  emertre  at  the  respective  angles  30°  69'  and 
32°  58'  20",  and  would  include  between  them  an  angle  of 
f**59'  20'^,  which  should  be  the  apparent  separation  of  the  red 
and  violet  axes  in  the  plate  employed.  Now,  previous  to  the 
computation  of  this  result,  I  had  carefully  measured  this  angle, 
by  ODserving  the  incidences  at  which  the  extreme  red  and  violet 
-hlys  of  the  prismatic  spectrum,  received  on  tlie  reflector  of  & 

Saduated  apparatus,  respectively  disappeared  from  the  extraor* 
oajjy  image  at  the  poles  P,  P'.    I  tlius  fqund 

^latemLofihe  pojids  P^.P' for  iml  r^a  62°  2' 

SeflM-diflferenGe,  or  apparent  sepamtion  of  the  axes,  2^  V 
wiiieh  differs  fnjm  its  computed  value  only  by  2'  10".    We  may, 
tiherefore^  fairly  conclude,  that  m  the  case  of  sulphate  of  baryta^ 

ihe  hypothesis  j^-p  does-not  deviate  sensibly  from  the  tmtlu, 

If  we  apj^y  oar -fommla  (t)  to  the  measures  above  a^tven  for 
itockelle  sail,  the  result  will  be  widely  different.  iPhe  satire 
Mfl^MitisB  as  to^tlM  valaes  9fi,  I'  being  taadtt,  we  get 

The  incidence  being  nearly  perpendicular,  and  the  angle  small, 
Ifc'^^ieed  only  iucrease  it  in  the  proportion  1*499  :  I,  to  have  the 
apparent  angle,  which  thus  comes  out  i)^  A\  We  have  already 
lomid  9^46'ibr  the  same  angle,  by  ri  metiiod  which  must  neces^ 
Hdrily  give  a  result  much  below  the  truth.  This  diflPereuce  is  by 
far  too  great  to  arise  from  any  errors  of  observation  ;  but  to 
*oihtaki  tttere  exatt  liievsifres,  I  took  seveial  times  the  appafent 
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Mgular  $epttHttion  of  the  axis  of  eacfh  cdl^iir  frbm  tHat  tii*  tfce 
extreme  red  by  the  direct  homogeneous  light  of  a  sunbeam, 
separated  by  the  prism,  and  received<in  the  reflector  of  a  divided 
apparatus,  when,  after  the  proper  reduction^  for  refract\oa  And 
dkp^rsion^  the  results  were  as  foilow :  • 


— ■    .1  . — r 

lApparentscna.^^^  ^^^! 
jration  of  the  1 


Vl^oei  of  2  a,  'obser.  , 


u 


Mi 

Mean  orange.,', 
J^eaD  yellow. . 
Mm  green.. ., 
MettiUtte.... 

I^fean  indigo . . 
IniUgo  violet. . 
Mean  violet. .  • 
Extreme  violeC 


•••••••••• 


'  Though  the  total  separation  of  tlie  red  and  violet  axes  in  this 
table  so  iar  exceeds  what  we  had  before  estimated  it  at,  I  am 
fully  satisfied  that  it  is  no  way  exai:^(j;e rated,  but  rather  falls  short 
of  the  truth.  It  is  very  practicable,  by  combinations  of  coloured 
glasses,  liquids,  8cc.  to  insulate  either  extremity  of  the  spectrum 
in  a  state  of  the  most  absolute  purity.  In  this  climate,  the  dis- 
persed lia.ht  of  the  sky  in  the  neii^libourliood  of  the  sun,  which 
always  mixes  with  the  j^rismatic  beam,  is  so  considerable  as  to 
llbUterate  thefet  ble  rays  which  compose  the  two  extremities  of 
tlie  spectrum,  and.  it  is  only  by  interposing  such  combinationti 
between  the  eye  and  the  iceMtnd  oiystal  used  .to  aaaiyse  the 
polarised  rayi  that  thev  can  be  examined  yfitk  any' oeriainty^ 
The  combination  I  employed  for  the  extreme  red  mui'MMk  tMH 
when  the  whole  apectsmn  thrown  oa A.w]bke  screen  Waa<^w<ed 
through  it,  it  .was  seen  reduced  to  a  perfectly  circolar,  well 
defined,  deep  red  image,  whose  centre  fell  on  dbdT  very  furthest 
UrmbiftiiaH  of  the  red  as  seen  by  die  naked  eye,  and  whose  eir* 
eomference  .attained,  or  perhaps  surpassed  the  point  where  the 
maximum  of  the  .oslorific  rays  nas  been  supposea  tip  be  situated. 
In  like  manner,  whw  the  mmB  spectrum  wae«»anned  with  the 
Tiolet  combination,  aTery  slightlv  elongated  violet  nnajge  became 
perceptible,  but  every  trace  of  the  indigo,  and  tlie  Imghter  por- 
tion of  the  violet  rays,  was  extineuished.  For  observations  on 
the  indigo,  and  all  the  more  refrangible  portion,  I  employed 
similar  artifices,  without  which  I  found  it  perfectly  impracticable 
to  obtain  any  regular  and  comparable  results. 

*The  coefficient        in  our  formula  being  the  ooly  part  not 


immediately  deduced  from  observation,  it  is  evident  that  the 
assumption  4  »  ^  must  be  widely  erroneous  in  the  present 
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it  js^stance,  and  it,  therefore,  becomes  necessary  to  ascertain  the 
^  T^ues  of,  /  by  dii^ep^  m^ures.  ren4ered  easy  by  the 

\y  e^uatioii  (0  which  gives  . 

^^'Weifiave  only,  tlierefore,  to  observe  the  inclinations  of  a  plate 
of  known  thickness,  properly  cut  and  adjusted  to  45^  azimuth, 
-  which  correspond  to  the  alternate  disappearances  of  the  ordi- 
nary and  extraordinary  images,  at  which  points  the  values  of  n 
are  ^,  &c. ;  computing  then  tlie  values  of   ^,  and  (p,  and 

substituting,  we  get  the  values  of  /,  without  detailing  particular 
experiments.    The  following  table  expresses  the  final  result  of  & 


if 


0      <      ^  , 

Oil    Of*  IV 

Values  of  ^  in  inches, 
ri    <i  t 

Number  of- 
obscrva- 
tiomi. 

0-(»056I5S 

64  l"v 

Mean  green  f  y.^       •^  * 
Extreme  violet)  i  .^k  i  ,U 

  0'0()5n032 

00045852 
O-0O40583 
>  ,    0  0086519 
0-00:i^^863 
0  00*29^68 
.  I'  0  0025093 

14    * 

24 

58        ^'  • 
62    t  91  . 

49         '  • 

M 


i: 


.^The  observations  from  which  this  table  was  calculated  were 
Qiade  indiscriminately  on  the  maxima  and  minima  of  all  orderg^^ 
Those  of  different  orders  were  of  course  computed  separately,' 
<|nd  found  to  agree  without  exception  in  giving  the  same  values 
of  /  within  limits  of  error  less  than  those  to  which  the  observa- 
tions are  liable ;  thus  affording  another  proof  of  the  exactness 
of  the  law  of  periodicity  above  employed.  Now,  if  we  compare 
these  one  with  another,  and  with  those  of  c  as  deduced  by  M% 
Biot  from  Nekton's  observations,  w^e  shall  have  as  follows  ; 

MCth  .bbniH.>i» 


.Ir       Hf(       "Extreme  red  ..... 

sdi  bf? 
-tog  id'^H^i 


no  p.iToflcv- 


Mean  red.  . . .  »i;i.Tj;4. . 

Mean  orange  . ...  ..... 

3Iean  yellow  . . ^. . 
Mean  (^teen  .,,r^f  ^.'a. 
Mean  bMe.  ..Uji'w'ili;^ 
Mean  indigo  .U^f^^fiM 
Extreme  violet .  .7.. , , 
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Values  of  - 

Vfilues  of- 
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1-00000 

i-oonoo 

0-89093 

0-96215 

0-8 1 059 

0  90190 

0-72^^GU 

0-85550 . 

0-650«2 

0-79433 

0-58520 

0-73725 

0-53156 

0-69641 

0-44(i8l 

0-63000 

'j  .^l<<ijq'i"»i^'l 
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It  appears  from  this  comparative  statement,  that  the  forces,  of 
pfdarisatioti -and  double  renraction  in  the  body  now  examined, 
acl^jWitJi.mMieb^eaier  proportional  energy  cm  toe  more  refrangi- 
ble rays  tha^  iu  mica,  sulphate  of  limei  and  other  similar  bo4ieS|. 


tittMi-eoii«eqii^ly  that,  even  were  its  axes  coincident^  its  tiute, 
tb^iigh  petfe^Aiy  regular,  would  «till  ditfer  yeiry  «efiaibl)r  from  thg 
CKdoaVB  of  tbin  plates.  This  secondaqr  eatme  idf  devkitioii  git^ 
to  become  sensible  in^ platen  xutt.ap^M.  to  contaia  bolb^«e$»  if 
etJioiiiied  at  ^  pejqpendieular  incideiioe;  butJ  htve  notyfiM 
litt  ^G|>^itm)^  of  nlAiog  flie  M 

I-  If  we'CcJcumte-on  this'niiitibers  above  given,  it  win  soion  appev 

Ig'imposftbte.  'For  ihisiMirpose  wemay  employ  0iar*«qtt9tiQli^ 
4iMoh  mlly^ords  the  «Ao«r^ 


A 


(COS.  M)«    _ 

taking  Miau  aimiiai^  angle  such  tb[at 

tan.  M-^  ^  2  .  tan.  2  a  .  — =  .  sin.  (—  J  a) 

*  — #■  ^ 

ipplience  the  vdlue  of  0  or  the  position  of  the  coincideiice  of  anj 
two  coloured  rays  becomes  known,  the  valuea  of  if     and  ^  S  a 

mean 
snd 


short  of|  and  ^the  other  mmis  the  angle  —  18^  1'  given  by 
obsenration.  If  we  determine  by  interpdation  the  values  of  f 
^  -c**  Sr^v  ^ch  t^v>e4  *s  ^  13«     we  Aatt  ted  ^verjr  Meftly 

.r      34581         -  ^  a  =  S^ST*         -  g  a  4-  l""?'  4^39' 

which  correspond  to  a  blue  ray  strongly  inclining  to  green,  and 
1m  the  brightest  part  of  the  colour.  Ts  ow  it  is  evident  that  wlno 
'a  rigorous  union  of  all  the  rays  in  the  propoition  in  which thw 
exidt  in  white  li^fat,  is  impossible,  that  of  the  atrongest  m 
brightest  colours  m  opposition  to  each  other  will  at  least,ensw 
the  nearest  approach  to  a  vhrtaal  pole  on  the  prinsiples  ahove 
demonstreted,  and  a  ^vriiite  will  iIiub  be  produced,  not  Indeed 
mathematically  perfect,  hnt  nontaining  no  marked  excess  of  any 
of  the  more  powerful  colours. 

The  apopnyllite  is  the  only  crystal  with  one  axis  whose  tints 
exhibit  a  sensible  deviation  from  the  scale  of  Newton,    Its  phe- 
nomena, however,  art:  entirely  independent  of  the  first  and  prin- 
cipal cause  which  produces  the  devialiou  in  crystals  with  two 
axes,  viz.  the  sej>aration  of  the  axes  oi  differently  coloured  rays, 
and  are  referable  solely  to  the  secondary  and  subordinate  cause, 
of  which  Rochelle  ^n\t  has  just  afforded  an  example,  viz.  a  pecu- 
liarity in  the  law  wiiich  regulates  the  lengths  of  the  minimum 
oscillations  of  the  differently  coloured  ravs  within  the  luedium. 
1.  The  tints  of  the  apophyliite  commence  at  the  centre  of  the 
,  jings,>and  increase  in  regular  progression  outwards,  lisUowiagdl® 
"faime  order,  whatever  be  the  thicknese  of  the  nktofr 
,  ;it.foftiiiiifieeajthM».  <fct.a»-Mid^ikf  Moi^otrfMm^*'' 


4 


lidl^  Cry staii^ssed  Bodies  m  Homog&ieom  Light.  \7i 
tfndtt  (je/)  is  the  same  for  til  th%  coloured  rayg,  being  tim  im  tlie 

Miseqa^ee,  tin^  the  uet  of  att^he  colourg  areumted  m  %m% 
ind  4ie  Vtitntl  and'  aotnal  poles  cciuioide  with  each  other»«M 

ftunnrc  liecoiiie  perceptitde  by  the  elmieiljr  TXMke  tteg»  |Mn 
exBlidiied  trtdi  voviegeifemie  light  af^HAt  ^M^famr  ftom  iriiieh 
they  are  fcTtheBt  tuNMor  bat  the  greatest  iMlleiition,  in 
phm  of  eoiMiden^le  4MiMMM>*I  lHMreM«  beehtMe  to  ob&eni^ 
the  slightest  shifting  of  the  axis,  orfleviation  fiom  the  circular 
figure,  in  passing  from  a  red  to  a  violet  illumination.  Moreover, 
it'is  evident  Iro 111  the  precedinir  theory,  that  any  difference  which 
may  exist  in  their  position,  if  too  suiall  to  be  sensible  to  the  eye, 
can  produce  only  an  imperceptible  deviation  of  tints.  In  facjt^ 
if  we  suppose  a  =  o  for  an^  coiour,  we  get,  for  the  position  of 
the  virtoad  pole^ 


tin.  ^is^y  Lzl  ,4ia.  la         '  : 

d  being  ,tbe  angular  distance  of  tbe  point  0f  coincidence  ttom  t\m 
single  axia  of  Uiat  cd^r.  It  is^  coiMequentl^i>  iri»eii»ible  wheli 
i  A  is  so.  ^ow,  the  pohtrising  force  of  the  apophyllitSe  teitt^ 
very  feeble^  the  diameters  of  the  rings  in  any  pMe  of^aoderate 
tihiehaaoa  niii8t.so  fac  egieeed  thk  ^tty  ainute  onantity'that  tl* 
virtual  polesy  did  any  exist,  murtiUL  frithiathe-aittit  of  the  ceof' 
tai  UaclLneas ;  the  'Newtonian  acele  would  stSIt  appear  to^foai^ 
Mfee  ttam  the  centre^  nor  Maid  iiny  .8eimbjie>derfi«liiMi  fiflimtlt 
aiise  from  this  cause.  ... 

2.  When  the  prismatric  spectrum  is  passed  over  an  apparatiis 
containino;  a  plate  of  this  mineral,  no  perceptible  change  in  the 
mtigmtudcs  ot  the  rinp^s  for  different  colours  takes  place.  Ilcnce 
it  appears  that  the  v;iliie  of  the  i"u action  /  for  all  the  coloured 
rays  is  nenrlv  alike.  By  measures  taken  on  a  divided  apparatus, 
a  slight  dirierence  is  observed.  Taking  the  mean  refractive 
index  R  at  1*5431  (by  a  very  careful  measure)  and  the  difipersioa 
I R  at  0<017^  the  formula 


gtreasfollom: 


« .cot.  f  « 


Jfixtreme  red ......... . 

Mesn  led. 

Mean  orange  .«.«•..•. 
Mean  yellow  ...iv.... 

^Mftw  blue......  

Mean  indijso  . . 


I  =  0UU9Jc06ti 

0<>0y0648 
00092059 
0  0093964 

e-oiooem 


mt  tebteyihoogh  not  gitga^w  eaaot,  owing  toifcjiftictioiifc 
ia  the  apecifafen  ^eaaMed^'  agrgea<irttii'tteawibigiioP'Of/tHit% 
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*  •  Apophyllitt,    Thickness  =  0'0829  inch. 


Inci- 
dence. 

0°  0' 
IS  50 

SI  50 


Ordinary  pencil. 


Extraordinary.* 


Bright  white  

M^hite,    with   a  trace  of! 


Black  The 


axis 


puq)Ie  I  White,  slightly  greenish 

Excetding  sombre  viulet  . .  Pure  bright  white  


'25    19  I  Pale  greenish  yellow  ... 

29    45  I  White  

SO    50  White  

S3     3  \V'hite,  with  a  strong  tinge 

of  violet.  I  Pale  yellow  green 

35    50  Blue,  strongly  inclining  to 
!  purple  

37  20  Sombre  indigo,  inclining  to 

I  violet  

38  5  Sombre  violet  

40    10  Tolerably  good  yellow  green 


Purplish  white  ' 
Sombre  violet  blue 
Extremely  sombre  violet. , 


Greenish  white 


;  ' .  t  i 


White 
M^hite. 

Purplish  white 


43  55  M''hite,with  a  trace  of  yellow  Obscure  indigo,  inclining  to  purple 

44  *27   MTiite  Sombre  violet   , 


1 6t  max.  of 

illuniinatiou 


1st  mimmum 


Tolerably  yellow  green 
Yellowish  white 
MTiite  


46  45  Pale  purple  

49  57  Sombre  purple  blue  .... 

50  SO  I  Sombre  violet  

53  40  Green  yellow  (Pale  purple 

56  0  I  Yellowish  white  Sombre  indigo  blue 

56  40  I  Yellowish  wliite  [Sombre  violet 

l^Vllitc   I  Livid  grey 

59  35  I  Pale  purple  [Yellow  green 

61  45  Sombre  indigo  Pale  yellowish  white 


62  10 

63  0 

60  0 


Sombre  violet  'Yellowish  white 

Faint  violet  white  I  White 

Livid  grey  'White 

Tolerably  green  yellow  .  .  .  Purple 


i 


69    30  i Yellow  white  jVery  sombre  indigo 


2d  maximum 

2d  minimum 

3d  maximum 
Sd  minimum 

4th  maximum 
4th  minimum 


In  the  colours  of  thin  plates  and  others  of  the  like  compositioD, 
the  difference  in  the  lengths  of  the  periods  of  the  different  rays 
is  so  considerable,  that  after  seven  or  eight  alternations  of  colour, 
the  rings  confound  one  another,  and  are  blended  into  a  uniform 
whiteness.  Were  the  periods  more  nearly  equal,  a  greater  num- 
ber of  rings  should  be  visible,  and  were  they  strictly  so,  the 
succession  of  alternate  whiteness  and  blackness  should  be  conti- 
nued to  infinity.  As  the  values  of  /,  &c.  in  the  apophyllite 
approximate  pretty  closely  to  tliis  limit,  we  should  expect  to  see 
a  much  greater  number  of  rings,  and  this  I  find  to  be  really  the 
case.  By  inclosing  a  thick  plate  in  balsam  of  copaiba  in  a  pro- 
per apparatus  to  increase  the  range  of  incidence,  1  have  counted 
as  far  as  the  35th  order,  when  I  desisted  ;  not  from  any  want  of 
alternate  colours,  but  owing  to  their  extreme  closeness,  which 
rendered  it  impossible  to  number  them  distinctly.  Indeed  I 
have  no  doubt  that  could  a  very  thick  and  hmpid  specimen  b^ 
procured,  hundreds  might  be  seen  without  artificial  aid.  •  / 

In  two  instances  theo;  at  l^ast,  and  probably  in  many  morei 


Google 


cat  perhaps  to  a  certain  small  degree  in  all  cases,  the  mimmtim 
lengths  of  th^  periods  devi^.  In  their  ic«l^^m|iv4  prdpoftioni 
fom  those  of  the  fits  of  easy  transmission  and  reflection ;  a  cir- 
(mmstance  which  of  itself  is  sufficient  to  prove  the  independence 
of  the  causes  of  thaw  iiM  of  peiiodici^.  If  tire  take  em 
HAy  fig.  ^,  4iiid  constnict  a,  eurve^  whose^cissas  A  F  are  the 
Tduepof  c,  c%  &o*  and  ordinates  those  of  jL     Scc.  the  straight 
Vmro  1/  g  biv  incUiugd  .at  46^  to  A  R  will  represent  the  locus 
for  crystals,  such  as  carhontite  of  Um^^  in  -whien  the  "peritJds  fol^' 
low  the  Newtonian  law,  /    /  g'  1/  t'V  will  represent  the  same, 
locus  for  tartrate  of  soda  and  potash,  while^r^  Cj"     ^  Vv'tf 
tli^^GMi  vti^iiiiiai.iy  traced  fur  apophyUite.  » 

4  ^  A    '  ' 


Having:  communicated  to  Dr.  Brewster  ray  observations  on 
the  deviation  of  tints,  and  the  conciusion  I  had  thence  deduced 
as  to  the  separation  of  the  axes  of  the  differently  coloured  rays, 
I  received  in  answer  a  letter,  from  which,  in  justice  to  that  inde-^ 
fatigable  observer,  I  subjoui  the  following  extracts :       *•  -  ^ 

.r-  U  MV'  DEAR  -SIR,  E.^k  Hill,  hj  Roxl'tn  Laswade,  Sept.  18,  1819.  "  * 

"  In  consequence  of  having  been  some  time  from  home,  I 
have  only  how  received  your  letter,  and  hasten  to  reply  to  that 
part  of  it  ioi  which  you  request  me  to  state  what  results  I  had 
obtaiaed  respecting  the  devaation  of  the  tints  from  Newton'e 
scale*  Thei  following  general  points  will  enable  you  to  juBga  of 
the  progress  which  1  had  made  in  the  inquiiy. 

^  !•  in  almost  all  crystals  with  two  axes  diere  i»  a  deviation ; 
fiom  the  tints  of  Newton's  scale.  i 

2.  This  deviation  is  greater  in  some  crystals  than  in  others^  i 
being  a  miucimam  in  ftcetaie  of  lead  and  tartrate  of  potarii  and 
soda.  '  ' 

J!  3«  .That  all  ^hcfse  crystals  may  be  divided  into  tiKro  dAseeii, 
m.  those  .which  have  Ihe  red  ends  of  the  rings  inwards  and  the 
Uue  ends  outwards,  and  those  which  havo  the  red  anda  outwards  • 

aad  the  blue  ends  inwards.       -  ' 

"  4.  That  in  all  crystals  with  two  axes,  the  doubly  refracting 
force  of  one  o-t/^  la  geneiai  acts  dificrently  npon  the  differently 
coloured  rays  from  the  doubly  refracting  force  of  the  second  axis 

5.  That  as  the  polarising  force  is  always  proportional  to  the 
force  of  double  refraction,  the  polansnig  force  of'  one  axis  will 
act  differently  on  the  differenjliy  coloured  rays  from  the  poiaris- 
lug  force  of  the  other  axis. 

6.  *      *      *      *      *       *       *       *  ♦ 
"  7.  The  consequence  of  this  is,  that  there  will  be  different 

resultant  axes,  or  diiierent  points  of  compensation  for  the  diifer* 
ently  coloured  rays. 

"  8.  All  these  effects  may  be  calculated  with  the  utmost  accu- 
racy, if  the  ratio  of  the  dispersive  powers  of  the  two  extraonUnaiy 

^et0  £mef,  vol.  h 
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refractive  forces  is  given,  or  vice  vtrsoy  the  dispersive  fowem  may  ! 
be  obtaiked  from  the  angles  of  the  resuitaat  aseft  fov  tke  isedanfli  , 
violet  rays  of  the  spectrum. 

9.  I  have  found  crystals  m  which  these  phenomena  are 
dediy  connected  with  the  rotatory  phenomena ;  and  from  thi» 
lughjiy  important  fact  I  am  led  to  conclude  that  both  have  the 
wne  origiDy  and  that  all  the  rotatory  phenomena  are,  as  I  }m& 
atated  in  mv  paper,  theresidt  of  the  unoompensated  tints  of  two 
axes,  equal  for  the  mean  ruy^  bat  unequal  for  all  the  nest  ; 
(Jlerefollom  an  illuttrationbj^  a  diaphragm,) 

10.  The  division  into  two  dasaes  in  seet  iii.  as  feaoM 
merely  on  observation,  is  converted  into  another  division  into 
two  classes  ;  viz.  1.  That  in  which  the  doubly  refracting  force  of 
the  principal  axis  act^i  more  powerfully  on  the  blue  ray:>  than  the  : 
other  axis  does  ;  and  2.  That  in  which  it  acts  less  powerfully. 
The  first  class  comprehends  those  crystals  iii  which  the  blue  ends 
are  inwards,  and  the  second^  those  in  which  the  red  ends  ilfe 
inwards,  or  nearer  the  principal  axis," 

In  a  subsequent  letter  (Oct.  4),  he  adds. 
The  virtual  polesy  wkdch  you  mention^  I  disoaveivd  in  the 
,  y0BX  1815,  and  I  nave  two  accounts  of  them  in  my  Journal,  tke 
one  signed  on  the  24th  January,  1816,  and  the  other  6th  Janu- 
anr,  1817  ,  by  Sir  G.  Mackenzie,  President  ofthe  Phjsstoal  Clasi; 
oitihe  Royal  Society/' 

No  comments  on  the  above  extracts  are  neceseaiy.  Tbeijf 
estaUtsh  at  once  the  priodiy  of  Dr.  Brewster's  observafiioiw>  snai 
the  independence  of  mine.   With  regard  to  the  division  of  crys- 
tals into  two  classes,  which  observation  has  alike  suggested  to< 
both  of  us,  it  is  unnecessary,  if  we  regard  either  of  the  twt) 
classes  as  having  the  angle  between  the  resultant  axes  greater 
than  a  right  angle.    In  Dr.  Brewster*s  table,  Phil.  Trans.  1818, 
p.  230,  succinic  acid  and  sulphate  of  iron  are  stated  as  having 
this  angle  90^.    If  this  determination  corresponds,  as  in  all  pro-' 
bahility  it  does,  to  the  yellow  rays,  they  belong  at  once  to  both 
cbksses,  and  are,  in  fact,  instances  of  the  limit  where  one  ckiss 
passes  into  the  other*   Bicarbonate  of  ammonia^  in  which  I  can 
perceive  no  separation- of  the  axes  of  difierent  colours,  nor  ef 
coursei  any  Tirtnal  polea^  belongs  in  like  manner  to  both  olaisei^ » 
or  to  neither^  Jobm  F.  W.  Hie«4;b]SIi. 


APPENDIX. 

Bkscription  of  an  Instrument  employed  in  the  foregoing  JExperi^ 

mente  on  the  fotartfed  Rings* 

The  singular  property  possessed  by  the  tourmaline,  by  which 
a  plate  of  it  of  any  moderate  thickness  cut  in  a  direction  parallel 
to  its  a^is  of  double  refraction,  is  enabled  to  absorb  the  who/e|OC. 
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miHjr  tike  iv^le^  of  flu  jflcid^n't  peflcS  poIldMl  in  H  plana 

jjtrallel  to  thAt  axis,*  was  pointed  out  by  M.  Biot,  in  the  fourth 
volume  offhisTraite  clc  Physique,  and  he  has  availed  himself  of 
it  with  his  accustomed  ingenuity,  aiS  aftbrding  an  extremely'* 
redely  and  convenient  mode  of  vietving^  the  phenomena  of  polan- 
sation,  much  more  so  than  l>y  the  use  of  plates  of  agate,  prisms 
of  Iceland  spar,  or  a  Second  reflection.    It  follows^  from  the 
above-mentioned  property,  that  if  a  beam  of  ordmary  hght  be 
made  to  traverse  such  a  plate,  the  whole  of  the  emergent  pencil^ 
Of  nearly  so,  will  be  polarised  ici  a  plane  at  right  angles  to  the! 
vik ;  for  the  incident  ttly  being  divided  by  the  doubly  refracting 
ffift^  into  two  pett6HS|  polarised  in  planes,  the  one  parallel,  the, 
p^rpendiculaf  tdl  toe        the  fotmer  is  extinguished  in  it» 
pd^sage,  while  the  ktter  emerges  with  nearly  its  full  intensity. 

Hence,  if  two  sifch  ptot^s  are  crosded  «t  right  Andes^  thou^ 
igMtfttely  teiy  transparent,  theit  coiftbinatton  will  be  opaque. 
TS^feis  a  great  difference,  however,  in  the  degree  in  whicn  tour- 
malines of  different  colours  possess  this  power.  Those  of  a  light 
gt^en,  pink,  or  bluish  colour,  are  quite  improper,  allowing  a  con- 
wderable  portion  of  light  to  pass  when  so  crossed  ;  while,  on  the 
other  hand,  those  wliose^  colour  verges  strongly  to  the  honey 
y^low,  to  the  hair  brown,  or  purplish  brown,  effect  nearly  a 
complete  absorption,  and  atibrd,  when  crossed,  a  combination 
Inmost  impervious  to  light.  In  ignorance  of  this  distinction,  I 
Ddcriftced  several  fine  and  Talaable  specimens  befoie  I  ooukl 
otrtain  propet  plates. 

When  Itciystalti^ed  kmina,  cut  in  a  proper  dfrection,  is  inter-^ 
jf^sed  between  such  a  combination  of  plates,  it  disturbs  the 
iMbkriMtioti  ii»blc&  the  light  hto  receited  iii  t^tersing  the  fint 
plate,  sind  rendets  a  Certain  portioh  of  it  capable  of  travenii^ 
teiedotid:  the  dolouf  and  intensity  of  this  portion,  varying  wi£ 
ite  direction  of  the  ray,  give  rise  to  the  phenomena  of  the  pola- 
itefid  rin^s,  which  may  accordingly  be  seen  by  applying  the  eye, 
Jtad  receiving  on  it  the  dispersed  light  of  the  clouds,  &c. 

In  order,  however,  to  equalize  a^  well  as  disperse  the  light, 
which  ia  of  great  iitiportance  to  obtaiftinp;  a  perfect  view  of  the 
phenomena,  aa  emeried  glass  may  he  cemented  on  the  anterior 
plate,  or  the  first  surface  of  the  plate  itself  roughened;  but  it 
^vill  be  found  more  convenient  in  practice  to  employ  a  double 
convex  lens  of  short  focus  for  this  purpose,  by  which,  if  neces* 
ifty,  ver^  strong  illaminatiofi  may  be  obtained,  and  an 
extremely  minute  portion  of  a  Crystal  subjected  to  examination. 

*  The  same  propmy  is  obiertaWe  in  the  epidote,  die  axkute,  md  all  other  natural 
and  artiHciai  crystala  which  exhibit  any  degree  of  dichroism  when  examined  by  unjpola» 
^jfU  light.  MunAle  of  palladium  and  potash  pofiseases  it  in  the  bi^eet  peifbction, 
JUn  remarkable  dSkz  ii  easily  explained  hf  a  n&mm  to  gnttal  princ^es  laid 
wwn  by  Dr.  Brt*«ster  In  his  paper  on  absorptioii.  FhaL  Tnni.  1819,  p.  1 1.  The  ind« 
flent  pencil  U  <;epaTated  by  the  doubly  refractive  rorce  into  two,  oppositely  polarised,  ond 

which  Ls  pardy  absoibed>  th«L other  emerges  (polarised  in  ita  ptopet  plane)  oC  nearly  its 
^^nginalinteiibity. 
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I  have  thus  occasionally  examined  the  rings  in  a  portion  not 
exceeding  tl^e  hundredth  of  an  inch  in  dimeter,  and  thus 
ttetected  irregularities  of  crystallization  of  ayeiy  singulacjiaturey 
in  many  bodies,  which  would  have  eluded  any  other  mode  of 
observation.  For  this  purpose  the  crystal  must  be  cemented 
over  %  M^Bli  aperture  in  a  tnin  sheet  of  orasB^  en  whidt  the  focni 
of  the  lens  must  be  exactly  adjusted  to  fall.*  '^> 

I(  instead  of  applying^  the  eye  to  receive  the  light  so  dis- 
persedy  we  place  a  screen  at  some  distance' in  a  darkened  roo% 
the  apparatus  is  converted  into  a  solar  microscope,  and  the  rines 
will  be  been  projected  on  the  screen.  The  construction  of  the 
apparatus  I  employed  is  as  follows  :  A  B  is  a  brass  tube,  within 
which  are  fitted,  first,  a  fixed  diaphragm,  a  a  b  b,  carrying  the 
first  plate  of  tourmaline  in  its  centre ;  secondly,  a  diaphragm^ 
c  c  da,  moveable  freely  in  its  own  plane  by  means  of  the  ping 
passing  through  a  slit  in  the  ?  ide  of  the  cylinder,  A  B,  which 
occupies  an  arc  of  about  120^  of  its  circumference.  This  is  des- 
tined to  receive  the  crystallized  plate,  d  d,  while  a  cylinder^ 
hhe  e ffy  made  to  slide  and  turn  smoothly  within  A  B  cairies 
the  second  tourmaUne^y* /•  It  is  essential  that  the  touripalines 
employed  for  this  purjpose,  and  especially  the  posterioi:  oiie> 
should  be  perfectly  free  from  all  flaws  and  bl^isines ;  but  Isp 
plates  not  being  required,'this  Conclitioii  is  eafaily  sdtimed;'  Infe 
plates  so  arrange4«  and  brought  as  near  together  as  possible,  the 
extremity  A  ,m  the  cylinder  A  B  fitted  to*  slide  somewhst 
stilHy  on  the  brass  tube  P  Q,  furnished  with  a  lens  L,  of  abottt 
two  inches  focus,  and  a  screw  P  P,  by  which  it  can  be  adapted 
to  the  apparatus  usually  employed  for  reflecting  a  sunbeam  into 
a  darkened  chamber.  The  sliding  motion  of  the  cylinder  A  B 
allows  the  focus  of  the  lens  to  be  adjusted  so  as  to  fall  exactly 
on  the  first  surface  of  the  posterior  tourmaline  /*,  while  its  rota- 
tion suffers  the  axis  of  the  anterior  one  to  be  placed  perpendi- 
cular to  the  plane  of  reflection.  By  this  arrangement  two 
advantages  are  gained.  The  reflector  einployed  (though'  metallic) 
always  polarises  a  more'  or  less  considerable  portion  of  d>e 
reflectea  beam,  which  in  any  other  position  is  partidly  or  tbtaUy 
extinguished  by  the  first  tourmaline,  ahd  a  .  great  loss  of  li^t 
ensues,  which  it  is  of  the  utmost  consequence  to  avoid  Ttaiore' 
over,  by  this  disposition,  the  actioh  bf  the  reflectolr  is  brouj(htto 
*  conspire  with  that  of  the  tourmaline,  a^d  the  polarisation  of  flie 
light  which  traverses  it  (which  is  never  rigorously  exact)  is 
thereby  rendered  more  complete.  '  * ' "  '  \ 

It  is  convenient  to  have  sliding  tubes  containing  lenses  of  dif- 
ferent focal  lengthy,  according  to  the  crystal  examined,  for  the 

•  I  have  now  an  apparatus  preparing,  in  which  the  first  plate  of  tourmaline  itsdf » 
fimned  into  a  double  convex  lena,  by  which  the  loss  of  Iighe>t  two  surlacei  witt  be  sup> 

Ing  microscopic  irregularities;  aadllim  IMmt(rmip|Mk  vaffetj^of  CBlitMf : 
iriUbebnm^ttoj^htbjrtlieieiiitsiii.  *  * 
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intensity  of  illumiiiation     any  point  in  the  screen  being,  ugtem 
funbia^^  as  tke  square  of  the  focal  length;  oonsequen^y,  when 
iJm  linge  lie  vkl^n  a  v^ry  small  angular  coinpaad,  a  greater  illi^ 
ininalion  of  ^ly  part  of  (hem  may^be  obtained  by  using  a 
of  a  longer  focus.- 
The  oiiitenstons  pi  the  figure,  fig.  6,  are  nearly  «of  the  actuel 


Artici.£  II. 

Observations  on  a  Memoir  "  On  th^  Theory  of  Franldinf  accord-^ 
ing  to  which  Electrical  Phenomena  are  explained  by  a  singk 
Fluid/*  read  at  the  Royal  Institution  of  the  Sciences  at  Amster^- 
dam  J  by  M,  Martin  Van  Marum,  Knight  of  the  Order  of  the 
BeUic  LioUy  Secretary  of  the  Dutch  Scientific  Society,  Director 
of  tne  Teyieriaii Museum,  Sfc.  6fc.*   (With  a  Plate.) 

(To  the  Editor  of  the  Annals  of  Fhilosopby^ 

SIR,  Dm.  is,  1890. 

It  has  been  repeated  so  often  as  almost  to  require  an  apology 

for  its  introduction,  that  the  Baconian  philosophy  proceeds  by 
discovering  and  establishing  i'acls,  holding  that  u[joii  such  a 
fouiidatiuu  alone,  can  be  raised  any  structure  deserving  the  name 
of  science.  The  philosophy  which  has  happily  been  almost 
exploded  by  Bacon  and  his  successors,  lays  its  foundation  in 
hypotheses  ;  and  the  labours  of  its  adherents  are  spent  in  inge- 
nious conjectures,  or  ni  efforts  to  bend  the  various  facts  disco- 
vered, to  give  those  conjectures  an  apparent  truth.  A  Baconian 
philosopher  gathers  his  maxims  and  principles  from  the  united 
rays  of  numerous  observations  and  experiments,  and  as  they  are 
received  in  all  the  simplicity  with  which  the  facts  themselves 
express  them,  they  yield  to  the  mind  all  that  satisfaction  and 
confidence  which  spring  from  the  clear  perception  of  truth.  Out 
the  contrary,  an  hypothesis  is  incapable  of  teaching  any  truth  at 
an,  and  ought,  under  no  circttmstances,  to  be  received  as  "  a 
confirmed  truth  ; "  the  observation  being  certainly  well-founded^ 
"  that  an  hypothesis,  however  satisfactory  as  far  as  concerns  the 
txplanation  of  all  the  phenomena  for  which  it  has  been  proposed^ 
cannot  nevertheless^  for  this  reason,  be  considered  as  mcon« 

testiblv  proved."t 
Unfortunately  the  worthlessness  of  hypotheses  is  not  their 

KKatest  evil;  thejr  invariably  tend  either  to  ij;iislead  the  mind 

nom  those  conclusions  naturally  deducible  from  experiments,  or 

•  Ann,  PhU,  No.  OS,  p.  440. 

T  Ann  Phil.  No.  9'6,  p.  441.  I  conceive  this  must  be  the  meaning  of  the  sentence 
vMcH  it  \^  apprehendfid  ithough  vidunii  an  <g«niina  ion  of  Uie  ongiiud  pt|^)»  mnit 
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to  .indace  an  eztravagant  regard  to  soiQe  circmnftences  to  thm 
neglect  of  others  equally  or  more  uoportaQt.  Thus  FraakUnu 
'  nrhose  experiments  and  observations  wiU  ever  rank  him  amoB^ 
first  philosophers,  has  impeded  the  progress  of  ^ci^nceW 
liypothesis  respecting  electncity^  which  now,  in  $pite  or  t]|^ 
;anxious exertions  of  his  old  and  most  respectable  disciples^  $e#mB  * 
inevitably  doomed  to  death.  M.  Van  Marum  however  is  of  a 
different  opinion,  and  to  arrest  the  progress  of  the  dualists,  by 
which  he  means  those  who  think  there  are  two  electric  fluids, 
by  the  assistance  ul  tlk^  Royal  Institution  of  the  Sciences  at 
Amsterdam,  he  has  thru.wn  down  the  gauntlet  to  all  the  world, 
in  a  paper  read  before  that  Institution  in  October,  1819,  and  in 
.their  name  he  hv'>  {-ailed  for  an  answer  to  an  expt?riment  which 
lie  originally  published  in  the  yeai*  ilbii,  aud  cou^iders  still uoan- 
41  were d  and  unanswerable. 

The  expcrunent  which  has  been  thus  put  forward  as  an  ex'pe- 
'rimentum  crucis  of  the  Frankiinian  hypothesis,  is  given  so  httle 
in  detail,  and  so  many  of  the  important  circumstances  are  omit- 
ted,  that  it  is  difficult  to  deduce  from  it  a  perfect  explanation  of 
the  phenomena.  From  the  whole  of  the  statement^  however, 
the  facts  upon  which  M.  Van  Marum  relies  may  perhs^ps  be  snf- 
^ciently  collected.  It  seems  then,  that  in  the  formation  and 
collection  of  positive  electricity^  M.  Van  Marum  employed  ViP 
conductors ;  one  in  more  immediate  connei^ion  with  the  machiiM^ 
which  he  has  called  the  fiist  conductor,  and  a  secpnd  jlnteiid^ 
|o  contain  a  larger  quantity  of  electricity,  which  be  calls  t}^ 
^ceivin^  conductor,  and  this  latter  was  placed  at  a  little  dis^ 
ance  from  the  first  conductor.  It  then  appears,  that  he  was 
able  to  ascertain  by  the  form  of  the  spark,  that  the  electric  iluid 
:which  was  generated  by  the  nirKhnic,  and  couiniuiiicated  to  the 
first  conductor^  pj^^sed  from  tliat  cuudu^tpr  to  the  receivi0|p 
i^nductor. 

Perhaps  there  cannot  be  shown  in  philosophical  reasoiiuig  a 
laiore  tla'>'rant  instance  of  the  evil  of  an  hypothesis  and  its  per- 
jaicious  influence  over  the  mind,  than  that  M.  Van  Marum  and 
bis  friends  should  esteem  this  *'  a  most  evident  proof  in  favour 
pf  the  theory  of  Franklin."  That  is,  because  one  electric  fluid 
can  pass  from  one  conductor  to  another^  therefore  ther^  ia  it^ 
pther  electric  fluid* 

This  experiment  could  satisfy  only  tb^  most  zealous  adhereula 
iE>f  the  Franklinian  hypothesis ;  but  another,  which  is  twJM^ 
detailed,  is  considered  irresistible.  It  was  so  powerfully  opaiVr 
viDw  a  Fr^ncb  philoiioplier  to  have  aileoced  him  for  ten 
jears.* 

The  mterial  wcunuitaoees  of  tbi^  ^xperim^  e#i^  Wdly  hf 
gathered  from  either  statement  of  it,  but  by  comparing  the  two 
Mcoants  together,  the  more  important  JSmh^  maj^  jpiobaiBfy  be 

•  Ann,  Phil  Na  96,  p.  44T. 
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'dtfrtniguisbed.   From  llie  eompsimm  of  the  two  ffMemente,  it 
appears  that  if    a  buitqn  of  copper  ^ which  either  was  €xedia 

eoiMinotor-chai^geKi  W  the  mraiiiie  wkh  Bositt^  eSectncity,  or 
eommviiiealang  with  Che  ^esutil,  acquired  a  dharge  of  «q  oppo- 
*«ite  kind  to  that  mihe  €leetrified  condtiecer  ^be  brmight  wM»im 
sk  iBcfties  of  the  large  gkbe  of  the  condactor  negatively  diee- 
trified,  the  ramified  electric  fluid  passes  from  the  positive  to  the 
negative  conductor.  This  last  expeiimont  in  M.  Van  M-ai urn's 
hands  has  proved  victorious  over  every  person  with  wkom  it  has 
come  in  contact ;  and  it  is  not,  therelbre,  surprising  that  it  shoukl 
have  convinced  even  the  venerable,  sober-minded,  and  intel- 
iigeiil  Frankim  of  the  truth  of  his  own  hypothesis. 

Happily,  however,  with  whatever  genius  an  hypothesis  mw 
he  first  snn;oested,  or  however  ably  and  inflexibly  supported, 
trutli  will  uitimately  become  rebellious.  Just  as  in  this  case, 
where  the  similarity  of  the  effects  of  positive  and  negative  elec- 
tricity is  so -ohvions  in  innumerable  instances  that  it  has  been 
impossible  to  repress  the  opinion  ifhat  if  the  phenomena  of  posi* 
■tive  electricity  arise  from  a  peeiiHarfiuidy  so  do  those  ofsegati^ 
electricity.  *While  a  philosopher  whose  mind  is  aecostoined  to 
indttctiTe  reasoning  will  not  be  able  to  avoid  SOUK  surprise.tiuit 
saeh  a  man  as  Franrklsny  on  seeing  M.  Van  Marum's  experiments 
ihoaM  say,  **  this  proves  the  theory  of  a  simple  electrie  flkiid^ 
and  it  is  now  high  time  to  reject  the  theory  of  two  sorts  of 
Jfiittdsi"  To  such  a  philoso|iher«  it  must  appear  singular  tiiat  it 
should  not  have  suggested  ffeself  to  FrankHn,  that  it  might  fcairts 
4>een,  that  the  negative  electricity  had  arisen  from  a  peculiar 
liuid,  which  was  held  in  its  conductor  by  a  stronsrer  attractian 
than  that  by  which  the  positive  electricity  was  held  in  its  con- 
ductor; or  it  might  have  been  that  the  air  (which  probabiy 
occasions  the  zigzag  ramified  appearance  of  the  positive  spark), 
opposed  less  resistance  to  the  positive  fiuid  than  to  the  ne2;ative; 
or  it  micci^t  have  been  that  the  form  of  the  button  afibrded  iiTeater 
facility  to  the  transmission  of  an  electric  fluid  than  that  of  a 
large  globe ;  and  either  of  these  circumstances  w'ould  account 
,for  the  passage  of  the  electric  fluid  from  the  positive  to  the  nega- 
tive conductor^  consistently  with  the  notion  of  a  negative  eleetfie 
ft^d.  But  if  every  one  of  these  circumstances  were  shown  not 
to  exists  the  experiment  could  not  possibly  prove  that  there  was 
no  negative  or  resinous  electric  flaid.  Even  then  the  fact  thsct 
the  positive  electric  fitiil  had  been  attracted  to  the  negaiivts 
^ondttotor^  wonldjto  more  have  proved  ike  hou«existence  of  tL 
negative  or  resinous  electric  fluid,  than  ike  fact  that  coooe^ 
tiated  sulphuric  acid  attracting  water  to  itscH*  proves  the  non- 
^exisbenee  of  solphnric  acid. 

Bnt  M.  Van  Marom's  experiment  will  be  better  ejep]diwAf 
ttid  his  observations  answered^  by  another  experiment,  whr^ 

Aim^mL  Jio,  ^,p.  44S.  * 
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MB  published  in  the  Philosophical  "Uwisactions  so  longwoe  as 
the  year  1789. 

"  The  escape,"  says  Mr.  Nicholson,  in  a  paper  detailing  some 
expenmeats  with  apovveiiul  macliiiie,  oi"  negative  electricity 
from  a  ball,  is  attended  with  the  appearance  of  straiglit  sliarp 
sparks  with  a  hoarse  or  chirping  noise.  When  the  ball  was  less 
than  two  inches  in  diameter  it  was  usually  covered  with  short 
flames  of  this  kind,  which  were  very  numerous. 

"  When  two  equal  balls  were  presented  to  each  other,  and 
one  of  them  was  rendered  strongly  positive^  while  the  other  | 
remained  in  connexion  with  the  earth,  the  positive  brush  or 
ramified  spark  was  seen  to  pass  from  the  electrified  ball :  when 
the  other  ball  was  electrified  negatively,  and  the  ball^  whidr 
before  had  been  positive^  was  connected  with  the  ground,  fh(B  ' 
ekctricit]^  exhibited  the  negative  flame,  or  dense,  straight,  and 
more  luminous  spark,  from  the  negative  ball ;  and  when  the  one  | 
baU  was  electrified  plus  and  the  other  minus,  die  signs  of  both 
electricities  appeared.    If  the  interval  was  not  too  great,  the  | 
long  zigzag  spark  of  the  plus  ball  struck  to  the  straight  flame  of  i 
the  minus  ball,  usually  at  the  dibtance  of  about  one-third  of  the 
length  of  the  latter  from  its  point,  rendering  the  other  two-thirds 
very  bright.    Sometimes,  iiowever,  the  positive  spark  struck  the 
ball  at  a  distance  from  the  negative  fiame«   These  eiiects  are  ' 
represented  in  Plate  V.  figs.  1,  2,  .and  3. 

Two  conductors  of  three-quarters  of  an  inch  diameter,  with 
spherical  ends  of  the  same  diameter,  were  laid  parallel  to  each 
other,  at  the  distance  of  about  two  inches,  in  such  a  manner  as 
that  the  ends  pointed  in  opposite  directions,  and  were  six  or 
eight  inches  asunder*  These,  which  may  be  distinguished  by 
the  letters  P  and  M,  were  successively  electrified  as  the  balls 
were  in  the  last  paragraph.  When  one  conductor  P  was  posi- 
tive, fig.  5,  it  exnibited  the  spark  of  that  electricity  at  its  extre- 
mity, and  struck  the  side  of  the  other  conductor  JVl.  When  the 
last-mentioned  conductor  M  was  electrified  negatively,  fig.  4, 
the  former  being  in  its  turn  connected  with  the  earth,  the  sparks 
ceased  to  strike  as  before,  and  the  extremity  of  the  electrified 
conductor  M  exhibited  negative  bigns^  and  struck  the  side  of 
the  other  conductor.  And  when  one  conductor  was  eiectritied  ' 
plus  and  the  other  minus,  fig.  G,  both  signs  appeared  at  the  same 
time,  and  continual  streams  of  electricity  passed  between  the  ' 
extremities  of  each  conductor  to  the  side  ot  the  other  conductor 
opposed  to  it."  The  effect  of  a  positive ,  surface  appears  to 
extend  further  Uian  that  of  a  negative/^ 

This  experiment  will  need  few  comments,  for  it  is  sufficiently 
endent  that  if  die  form  of  a  spark  or  its  direction,  is  to  deter- 
mine ilie  existence  of  an  electric  fluid,  this  experiment  proves 
that  there  are  two.  Nor  is  it  easy  for  an  unprejudiced  observer 

•  PhiL  Trana.  foLlzsuu  ]^  ^IS^O. 
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to  explain,  how  able,  intelligent  philosophers  should  be  so  spell- 
bound by  an  hypothesis,  as,  ni  detiance  of  the  plainest  observa- 
tions of  their  senses,  to  assume,  that  in  all  these  instances,  the 
electric  spark  was  just  the  same,  produced  by  one  aad  the  same 
cause,  a  single  electric  fluid,  passing  in  every  case  from  the 
plus,  or  positive,  to  the  minus,  or  negative  conductor. 

These  observ^ations  on  M.  Van  Marum's  paper  would  be  here 
4K)ncluded,  but  there  is  another  part  of  it  relating  to  the  apparent 
repulsion  of  electrified  light  bodies,  containing  a  few  arguments 
so  novel  and  original,  that  though  it  is  not  intended  <2,enerally  to 
enter  in  this  place  upon  the  subject  of  electrical  repulsion,  it  is 
difficult  to  avoid  taking  some  little  notice  of  them. 

M.  Van  Marum  first  assumes,  that  it  is  a  sound  truth,  and 
well  confirmed  by  experience,  that  no  electric  force  can  arise 
from  the  surface  of  a  body,  unless  this  latter  be  in  contact  with 
bodies  either  solid  oi  fluid  which  assume  a  cuatiaiy  force,  or  be 
iiurrounded  by  such  bodies/' 

To  be  sore  it  has  seemed  to  be  placed  among  the  elements  of 
electrical  science,  confirmed  by  every  experiment,  that  when 
bodies  having  opposite  electricities  art;  brought  into  contact,  the 
electricities,  unless  controlled  by  superior  attractions,  combine 
and  are  neutralised.  But  it  is  not  here  intended  to  controvert 
the  bases  of  the  reasoning,  but  to  notice  the  method  of  argument 
founded  upon  those  bases. 

M.  Van  Marum  proceeds.  A  body  positively  electrified  and 
placed  in  the  air  is,  therefore,  conformably  to  this  law  surrounded 
with  an  atmosphere  of  contrary  electric  power ;  and  a  negatively 
electrified  body  is,  on  the  other  hand,  surrounded  by  a  positively 
electrified  atmosphere/'  **  It  is  evident  that  every  electrifiea 
body  must  necessarily  be  placed  in  the  midst  of  this  atmosphere 
of  an  opposite  electric  force,  the  contrary  being  impossible.'' 

Now  if  these  propositions  were  true,  it  is  quite  clear  that  an 
dectrified  sphere  would  form  around  itself  a  spherical  electrified 
atmosphere  of  which  the  sphere  would  be  in  the  centre.  If^ 
theielbre,  two  similarljr  electrified  pith  balls  were  suspended  in 
contact,  they  would  iorm  around  themselves  spherical  atmo- 
spheres having  an  opposite  electric  force  to  themselves,  fig.  7. 
The  pith-ball  A  would  be  surrounded  by  the  atmosphere  CDEF, 
and  the  pith-ball  B  by  t  le  atmosphere  C  G  E  II.    It  is  evident 
that  the  centre  of  the  joint  atmospheres  would  be  at  the  point  of 
contact  of  A  and  B,  to  which,  therefore,  they  would  both  be 
attracted,  and  consequently  would  remain  at  rest.    But  these 
atmospheres  would  not  suit  M.  Van  Marum's  hypothesis,  nor  is 
it  consistent  with  the  facts  that  the  pith-balls  should  remam  at 
rest.    These  difficulties  are  most  mgeniously  overcome,  by 
M.  Van  Mammas  mnpmng  that  the  pith^balls  A  and  B,  fig.  8« 
should  form  atmospheres  round  centres  C  and  D  at  a  distance, 
aad  then  that  each  atmosphere  would  attract  its  pith-ball  to  that 
centre.  Why  the  balls  should  form  atmospheres  round  thoM 
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.^seatres  before  they  theinselves  get  there^  or  how  they  should  be 
attracted  by  the  atmospheres  before  those  atmospheres  are 
foi  ined,  M.  Van  l^Xarum  ha«  not  suggested,  Qor  is  it  easy  to 
imagiue. 

It  IB  not,  however,  fair  to  complain  ol'  M.  A  an  Marum's  sup- 
porting one  k^pothesis  by  another,  nor  do  I  perceive  that  his 
'Oim  kraolhcBia  im  vioie  contrary  toliisewii  propoattioos  than  the 
,  RidEUniaa  hypotfaetis  is  to  the  aadogies  of  nature.  Frar.kihi 
supposes  that  there  is  in  all  bodies  a  natural  qnantaly  of  eiectxic 
fluid,  which  eannot  be  perceived,  and  prodneea  no  effects  ;  and 
which  consequently  us  from  its  very  natnre  incapable  of  any 
proof;  that  it  so  perfectly  combines  with  bodies  as  entirely  to 
'kme  all  its  properties,  yet  is  held  b^  so  shght  a  force  as  to  be 
'lamored  by  the  least  possible  attraction ;  as  in  Ae  comnninica- 
tioD  of  negatrre  electricity.  Sach  a  fluid  is  perfectly  anomaloos, 
leavings  therefore,  the  hypotibesis  not  only  unsupported  by  fiicty 
but  cveu  by  analogy. 

'  But  it  may  be  said,  if  there  be  two  electric  fluids  which  on 
combination  neutralise  each  other,  what  becomes  of  that  com- 
pound? It  certainly  would  not  foliovv  that  if  no  answer  could  be 
given  to  tiie  question,  therefore  the  Franklinian  hypothesis  must 
be  correct.    That  would  still  be  entirely  an  liypothesis,  and, 
therefore,  ought  at  once  to  be  rejected,  as  offerinj^  the  wrong 
path  to  truth  :  nor  ought,  on  the  other  hand,  any  hypothesis  to 
be  received  in  reply  to  such  a  question.  In  order,  however,  that 
^wetaay  not  be  misled  from  the  proper  answer,  it  may  be  well  to 
'observe  that  it  oaght  not  to  be  expected  that  the  compouitd 
4aid  should  possess  the  same  properties  as  its  component  parts 
any  siore  than  wsfter  does,  or  nitnc  acid.  Another  question  may 
'perhaps  lead  us  to  the  proper  answer.  Is  there  any  thine  always 
produced  by  the  combinaCaon  of  two  electricities  ?  If  there  be, 
ise  are'  bo«nd  to  assume  that  the  produce  is  the  compound  of 
ithe  two  ilaids.   Oxygen  and  hydrogen  combine,  and  the  caloric 
bein^  disengaged,  water  is  produced ;  and  we  assume  that  water 
♦is  a  compound  of  oxygen  and  hydrogen.    The  two  electric  - 
4uids  combine,  and  caloric  is  produced,  and  that  not  from  any 
concussion  of  the  uir,  i'or  it  is  produced  in  vacuo.    Why  then  is 
not  the  same  inductive  reasoning  to  be  admitted  in  ethereal  as  in 
gaseous  fluids  ]  Why  should  we  not  admit  the  suggestion  which 
has  been  offered,*  that  caloric  is  a  compound  of  the  two  eiec- 
'^icitiesi         X  remain.  Sir,  yours,  &c.        *  C. 
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Regit  Medicorum  Edinburgenm,*  mmUtinedmaJjiiter  addraSfd 

to  h  FaUiph  f^sq.  3y  Dr.  Uope,  PvAmtm  af  Cteaiiiqr 

SIR,  MMbitu^  FO.  12,  imp 

Tq£  Boyal  College  of  Phyticim  of  Edioburfi;h  in  preparing 

new  editions  of  their  Phartnacopceia  gladly  avau  themseMres  of 
evury  suggestion  that  may  cuablc  tUein  to  render  that  work  wor- 
thy of  the  pubhc  cuididence  ;  and  I  enterlaui  no  doubt  that  here- 
after they  Will  continue  to  be  thanklul  for  btrvices  of  the  hke 
fiescriptiou  under  whatever  form  they  may  present  tJieraselves. 

Weil  acquainted  with  your  knowledo,;^  of  chennstry  iu  general, 
and  your  attention  to  the  chemical  department  of  Pharmaco- 
pGeias  in  particular,  I  confidently  e:i^pe€ted  that  the  ciitici&m 
.vhicji  you  have  ihoughjt  it  w<Mrth  wfaal^  to  giv@  of  th^  la»t  «dkiM> 
#Ten  after  a  lapse  of  nearly  four  years  akiee  its  piiUiGftdM^ 
wovtd  h^ve  afforded  much  useful  imonoatiou  to  guidQ  us  in  pro- 

Ering  a  future  one*  I  cannot,  howev^,  coactal  how  greatly  I 
ve  been  .djflappoint^  ia  this  respeot.  A«  your  xamifcs  aie 
^  from  being  in  a  strab  of  «pfffo|>atioii,  mi  tbo  fJiwnisnl 
dqmrtinent  had  in  a  ^eai  measure  been  ^ntnisted  to  nu^  I 
that  I  owe  it  to  the  College,  over  whom  I  had  the  honour  af 
presiding,  w  iiea  tliat  edition  came  forth,  to  maintain  their  credit 
in  regard  to  this  work,  which,  fioin  a  certaiu  degree  of  national 
authority  ia  the  preparation  of  drugs  attached  to  it  in  this  part  of 
the  empire,  ought  to  be  as  free  from  blQaush,  and  stand  high 
ip  the  public  estimation,  as  possible. 

I  undertake  the  task  without  reluctance,  both  because  I  consi- 
der It  a  duty  incumbent  upon  me,  wd  because,  if  I  do  not 
deceive  myself^  I  can  easily  make  it  appear  that  the  stacAures 
whii^h  you  haYe  pubUahed  upon  its  fpnnuias  aire  by  noauma  mli 
founded. 

Had  you  been  aware  that  ibe  late  edition  was  sovetal  yea» 
Wder  revisal^  and  that  msay  trials  vera  laadfi  4»f  Ihft  dimmt 
prod^asas  directed  in  the  most  esteaned  PhavoBaeopoBias  i& 
furope  vith  the  view  of  ascertainiiig  their  comparalif a  m^ts, 
4n4  tnat  those  adopted  by  us  have  in  general  been  many  timaa 
lepeated,  I  am  persuaded  tliat  the  tone  kit  iea^t  of  the  critic(Bia 
^ould  have  been  considerably  different. 

Permit  me  to  observe  that  most  of  your  objections  to  the 
formula*  apply  to  the  relative  quantities  of  the  materials  employed, 
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combination  stated  in  Dr.  Woliaston's  table  of  chemical  equiva^. 
lents.    i  apprehend,  however,  that  you  have  made  an  i^plioatioa 
of  this  beautiful  and  valuable  contmiiDce  whiek  its  tery  inge» 
nious  author  never  contemplated,  and  could  not  now  sanction; 
for  though  that  table  displays  the  proportions  hi  which  diffeieflt 
substances-  combine,  it  by  no  means  displays  the  relative  qusH-  i 
titles  of  the  substances  to  be  employee^  when  deoomposilkas 
ace  to  be  effected,  particularly  by  singfte  aftnily.   It  has  beoi  I 
loDg  known  to  chemists  that  to  achieve  the  comj^ete  decompo* 
sition  of  any  quantity  of  a  compound^  an  excess  of  the  decom- 
posing mAterial  is  either  riMolutely  necessary,  or  very  ttsefiil,  by  i 
aooelemting  the  operation.  i 
■J  Were  I  not  adaressing  myself  to  a  person  thorousrhly  versed  ' 
U  the  science  of  chemistry,  it  would  be  easy  to  expl  am  in  detail 
.the  reason  of  the  circumstance  ;  but  it  will  bo  sufficient  to 
lemark  that  this  excess  is  in  some  cases  indispensable  from  the 
disposition  of  the  decomposing  agent  to  form  a  super  or  bicom- 
pound  with  the  ingredient  to  which  it  is  to  attach  itself,  as  in 
the  decomposiliuii  of  nitrates  and  muriates  of  alkalies  by  sulphu- 
nc  acid  to  be  immediately  brouoht  into  view  ;  and  also  when  the 
substances  are  in  the  state  of  dry  powder,  m  order  that  each 
particle  of  the  compound  may  fully  and  freety  encounter  those 
which  are  to  act  upon  it. 

The  reader  who  may  think  it  worth  his  while  to  peruse  these 
observations  is  particularly  requested  to  direct  his  attention  to 
your  critique  commencing  in  p,  58  of  the  first  number  of  the 
Annals  of  Philosophy,  and  to  read  in  succession  the  different 
articles  to  which  a  reply  is  now  to  be  given. 

Acidum  Aceticum  JPifrte  is  the  first  substance  of  which  you 
laske  notice,  and  3rour  objection  to  the  formiila  for  its  preparation 
IS,  that  the  quantities  of  the  salts  employed  are  not  such  as  are 
required  for  mutual  decomposition.  It  is  unquestionably  true 
that  the  sulphate  of  iron  contains  more  sulphuric  acid  than  is 
tequired  to  saturate  the  oxide  of  lead  in  the  acetate,  but  it  is  of 
advantage  to  employ  this  excess.  It  facilitates  greatly  the  dis- 
engagement  ot  the  acetic  acid,  and  renders  it  unnecessary  to 
laise  the  temperature  to  so  high  a  pitch  as  would  otherwise  be 
lequired,  by  which  means  the  empyreuma,  unavoidable  in  an 
elevated  temperature,  is  in  a  great  measure  prevented ;  hence  at 
the  trifling  expence  of  an  additional  quantity  of  the  sulphate  of 
iron,  and  of  an  increased  size  of  utensil,  there  is  a  saving  of  time 
and  of  tuel,  and  a  vast  gain  in  the  quahty  of  the  product.  The 
object  of  t^iis  process  is  to  obtain  a  very  strong  acid  capable  of 
dissolving  camphor  at  a  cheaper  rate  than  from  acetate 
copper. 

Acidum  Murtaticnm, — Upon  the  preparation  of  this  substance 
you  remark,  that  Equal  quantities  of  sulphuric  acid  and  com- 
mon salt  are  directed  to  be  employed  in  the  preparation  of  this 
acid.  It  wiU  ha  aaen  by  Dr;  IVolilastdn's  soab  ttat  the  requiii^ 
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proportions  are  8*4  parts  of  acid  to  100  of  salt."  Notwithstand- 
ing your  remark,  you  surely  cannot  suppose  that  in  directing 
tlmo  idalive  quantities,  the  (College .  could  be  ignorant  of  the 
pooportion  of  the  ingrediento  of  miuriate  of  jsoda.  Permit  me  theft 
W  femitid  you,  that  the  fipnbett  iia  the  stole  imtieate  the  ^aaii- 
tity  pf  sij^hevio  acid.iieeemiy.t^  satarate  a  given  qaantrty 
soda,  bill;  by  ao  .meanfl  the  qiMQlily  of  this  md  aeoeiaaiy't^. 
eAdtthe  decompoflMooi  of  the  nmiiate  wkh^the  gieatieat  sue-  . 
eesB  and  coAwience.*  )U  noaty  I  pie8iiiiie»  ibr:tbe  moment  haver 
escaped  your  recaUectMNi  that  •aidfihttrie.aeid  is  much  dkpoaed 
to  form  a  supersulphate  of  soda,  and  conseqaently  that  if  no 
more  acid  be  employed  than  is  barely  sufficient  to  saturate  the 
quantity  of  soda  contained  in  the  muriate,  a  considerable  portion 
of  the  muriate  will  remain  undecompused.      •  " 

After  many  repetitions  of  the  process,  I  may  confidently  assert  ' 
that  tha  proportions  assigned  in  the  PharniacopcEia  afford  a 
larger  product  of  muriatic  acid  in  a  shorter  period  at  a  smaller 
expense  of  faei  thaa  those  ivhioh  you  recommend  as  the  requi-* 

.  AMum  Niirmtm^-^l  suspeet  that  we  can  timi' to  little  ae- 
eooBt  the  remarks  wbioh  you  have  made  on  the  process  for 
preparing  this  sabstance^  es  i  am  persoaded  fma^smple  expe- ' 
rience  that  they  are  not  correct  either  in  resard  to  the  quantity 
ttibe  prodeoti  or  thfe^-oonditioa  of  the  aoia  vriiich  is  obtained. 
YoQ-hftve  thought  fit  to  coudema  the  proportiens  directed  in  the 
Bharmacopoeia  ae  unproductive  and  injudicious  on  the  result  of 
aeoUtaiy  trial,  which  you  state  in  the  following  words :  •*  1  put 
into  a  retort  24  parts  of  nitre  and  16  of  sulphuric  acid,  and  car- 
ried on  the  distillation  as  long  as  nitric  acid  was  produced.  The 
product  was  of  a  straw  colour,  evidently  containing;  but  very 
little  nitrous  acid,  and  its  specific  gravity  was  1513  instead  of 
1520,  as  stated  in  the  Pharmacopoeia.    It  weighed  11-6  parts, 
whereas  24  parts  of  nitre  are  capable  of  yielding  17  parts  of  acid, 
fievided  sufficient  sillphuiic  acid  is  employed*  to  afford  wat^ 
enough  to  condense  the  nitricacid/'   The  results  which  I  have 
had  uniformly  for  maayr  years  are  efltiemely  different.  Tlie 
quantity  of  acid  amounts  to  15  parts ;  it  possesseaafuU  orange- 
redxolear;  and  its  specific  giaviliy,  never  less  than  IMO,  occa* 
sionally  (wheB.tbe  oiHie  haabeen  previouaty'well  dried,  and  the 
snbhario  acid  boiled)  has  beeo:sohigh  as  1540.  - 
•  Keannot  refirain.from  expressing  my  surprise  at*  the  following 
fttragraph :      I  have  already  observed  that  the  acid  which  I 
obtamed  has  only  a  straw  colour  instead  of  a  red  one,  as  the 
College  seemed  to  expect,  and  1  believe  that  whenever  this  acid 
has  this  red  colour,  it  is  owing  to  the  presence  of  common  salt 
in  the  nitre,  the  chlorine  of  which  paitiaUy  decomposes  the 
nitric  acid."  '    :  f         <      .  .  .i  • 

Every  chemist  knows  that  nitric  acid  adqttirSB'a  red  colour  by 
the  actaoottiaf  puvilftia  «MHd  (aot.of  ohiocbe  m  youil^'huidteit* 
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ence  here  state),  which  causes  a  partial  decompositldtl ;  but  it 
is  altogether  a  mistake  to  suppose  that  the  red  colour  of  the  acid 
got  by  decomposing  mire  proceeds  from  this  source.  Hundreds 
of  chemists,  1  presume,  as  well  as  myself,  have,  since  the  days 
of  Glauber,  been  in  the  habit  of  employing  pufified  nitre,  and 
have  obtaiued  a  red  coloured  acid.  It  must  surely  have  escaped 
your  memory  that  the  red  coloured  acid  is  the  spiritm  jtitri 
fumayn,  or  Glauber's  spirit  of  nitre,  the  only  form  of  the  CODCCIH- 
tfated  acid  familiar  to  chemists  till  about  40  years  ago. 

In  the  commencement  of  the  distillation^  the  acid  is  pale,  ai^ 
•OMtbiiiea  to  titt  tovnyrds  tb«  close ;  then,  provkM  the  temperas* 
tore  has  been  raised  to  Il|e  due  piteh,  it  acquires  tiie  0fMg#^ 
tiBge  by  absorbbig  die  reddy  fame^  which  ntm  ftmear  iecrai^' 
panied  with  oxygen  gas  proeeecting  lirofioi  tile  pifliiit  deeottipoeii^ 
tieii  of  pert  of  tae  aeid* 

As  voa  slete  tbat  you  cemiot  see  why  tke  Edinlnirgk  CoHegtl 
$ibOM  employ  the  parttetdsr  propoittovie  diMcted  by  them,  L 
fa^  leave  to  mjNilkm  tlw  teasone;  flfBl,  diojpMerifeed  quanti^' 

Bulplnmc  acid  is  required,  and  proves  sufficient  to  detach  tli^* 
wliele  of  the  add  from  the  nitre  ;  secondly,  the  add  IIibs  pro- 
cured is  of  great  strength,  and  is  so  free  from  sulphuric  acid,  as' 
to  render  the  becond  distillation  enjoined  by  the  London  College, 
altogether  unnecessary  for  ordinary  purposes. 

Acidum  NUricum. — The  criticism  of  this  article  appears  to  me 
to  be  incorrect  in  every  point.  Having  this  moment  called  your 
attention  to  the  mistake  m  regard  to  the  colour  and  quantity  of 
the  acid,  1  need  not  recur  to  them.  Though  for  many  purposes 
the  nitric  and  nitrous  acids  may  be  used  indiscriminately,  yet 
^here  are  some  where  they  cannot  with  propriety;  and  the 
djeet  ot  the  formuki  is,  to  direct  the  apothecary  how  he  can 
piecare  a  cobtvlese  add ;  while  at  the  same  tiitte  he  obtaine 
a  poiitioii  of  the  acid  in  ite  most  nitvoiii  coadition.  I  presume  it 
is  fVoai  your  neter  having  seen  tke  ttA  ttbid  ^ot  by  our  process^ 
tiet  you  heve  beea  led  to  remark  that  the  tw  acid  when  diluted 
ie^pute  pale wltefeaa^  in  t^lh^  if  it  be  dQuted  a»  directed  hf 
tW  PharMaeopcsifl!^  it  ie  of  a  rich  green'  odour*  By  free  expc^- 
SUM  indeed  to  aiiri  ihie  colour  graduaSyi  btit  veiy  slowly^ 
Att^pean. 

Yott-lMtTe  aariguedae  a  reason  for  preferring  the  ]^ocess  of 
the  London  College,  should  a  pale  acid  be  wanted,  that  it  afford*' 
it  by  orte  operation,  while  that  of  the  Edinburgh  requires  two. 
But  you  have  forgotten  that  the  London  Pharmacopoeia  directs 
a  second  distillation  of  a  fresh  quantity  of  nitre,  and  after  all 
does  not  procure  a  colourless  acid. 

Aqua  Potass(E. — You  object  to  our  process^  because  thrice  as 
much  lime  is  used  as  the  theoretical  quantity  ;  and  because  the 
excess  occasions  waste  by  the  quantity  of  the  solution  retamed. 
Experimentally  I  have  found  by  many  tnals,  thit  this  excess  of 
hjm-  depwea  tte  petaaaa  oracb  ittofe  cc^ptotely  ef  iii  osrib^^ 
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iolution,  provided  ihe  filtration  be  practised » tke  Plianiflieo^ 

|«ta directs. ;  for  by  die  snecmive  a^uftioae  ofMter^tlie  whole 

of  the  solution  is  pushed  through  the  Usse. 

Subcarbonas  Ammmia. — You  allege  that  two  parts  of"  carbon- 
ate of  lime  are  oidered  vvht'u  one  aud  a  halt  ought  to  be  sufficient^ 
and  that  the  excess  requires  the  use  of  larger  Yessels  and  more 
firing".  The  object  of  the  excess  in  this  case  is  to  secure  the 
decouipositioft  of  the  whole  of  the  muoate,  and  save  botb  tioMI 
md  iuel. 

Aqua  Ammonite. — This  is  a  substance  tl^.^  preparation  of  whiciv 
has  b^en  ordered  in  the  diherent  Pliarmacoprx:ias  in  a  variety  of 
ways.   Though  you  partiettiarly  coudema  our  process,  yet  1  aia 

Cuaded^  trommADV  coaipariKtiive  trials,  that  it  merits  the  pre-* 
ice*.  Yoor  igal  ooje«tio&  lies  ajgaiast  the  e3£ces8  of  Mm  ;  buA 
W|aestionably^  ill  Ibis  inataace,  it  is  pastiouiaihr  useful,  inraeeiM 
i^itig  the  dis^igpgiHBSOt af  the  ammooiav  and  Mndering  alesi^ 
el^iation  oi  temperature  necessary.   You  also  compkaii  the: 
pRgency  of  the  edout  on  mudog  and  irtrodueiag  tbe  imlsffinli 
uto  tiia  rel0st  Gauaes-  miiclii  aanoyasm  to  the  operator,  1W 
okur  is  un^estionably  pungenty  hot  if  ihe  oMntioiLbe  mitoMy 
iisii&ge4ji  it  canses  no  aiwoyagaee  of  the  snauest  coiisideatkni«' 
When  the  q^uantity  of  materids  is  not  large,  the  mixture  may 
be  made,  and  introduced  so  speedily,  as  to  avert  every  inconve- 
mence  j  and  if  it  be  nitcnded  that  the  charge  of  the  retort  shall 
be  cuasiderabie,  it  will  requue  no  great  aagacity  in  the  practical 
chemist  to  discover,  that  he  can  mix  the  articles  in  as  small  por- 
tions as  he  finds  convenient,  and  introchice  them  m  succession* 
While  you  give  a  prelerence  to  the  idrmuia  of  the  London  Col- 
leii^e,  you  admit,  that  estimating  by  the  strength  of  the  product 
merely,  that  of  Ednibiu  gh  is  more  economical  in  the  proportion 
of  ]  (i  tA  10  ;  but  you  add,     as,  however,  the  Edmburgh  order 
the  is^e-^aatity  of  lime^  which  they  employ  with  the  muriate^* 
oi  ammoma,  to  be  made^  red-hot,,  the  retoct  generally  breaks;  •  ^ 
sad  as  this' does  not  follow  aa  a- matter  of  eooRie  in  the  London 
pocess,  I  consider  it  to  be  really  most  economical/'  Uad 
indeed  the  Edinburgb  Collage  directed  the  lime  asd  the  muriate 
to  be  made -redUhot^  as  yon  have  here  iaadverteiitljr  stated,  tbi*- 
tetott  would  almost  infallibly  give  way,  and  the  baiftMe  struck 
you  might  dien  be  a  fair  one^  tlie  CoUege,  however*  have 
^vea  no  such  directions;  the  words  are  "  tamkmmtpponoHi^' 
WM-sfsndm  ^vgmdu$  donee  fundus  ^llmferrem  mbescat  et  quan^ 
£ugtu  et  humor prodierifit .     As  thu»  the  heat  is  to  be  increased 
OUly  till  the  bottom  of  the  sand-pot  grows  red  j  and  as  the  retort  • 
has  always  a  quantity  of  sand  interposed  ;  and  further,  as  much  ' 
of  the  heat  is  carried  off  by  the  gas,  the  temperature  of  the  mix-  - 
^uie      in  every  stage  very  far  distant  from  the  point  of  incan* 
descence  j  indeed  the  whole  ammonia  is  disengaged  longbefore^- 

^«  tsmp^iatare  oQald  be  eievated  to  that  point  y  and  the  Phar- 
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HitucopcBta  directs  the  process  to  be  stopped  as  soonas  thewhole' 
of  it  has  come  over. 

The  consequence  is,  that  the  retort  is  in  no  hazard  of  being: 
broken.  .  I  have  employed  the  same  retort  many  times ;  and  ixt 

fact  I  know  no  process  in  which  a  retort  is  less  likely  to  saffer 

than  the  one  now  under  consideration. 

You  have  also  said  that  having  tried  the  processes  of  the 
London  and  Edinburgh  Coileges,  you  certainly  find  that  of  the 
London  more  easily  managed.  In  my  trials,  the  reverse  has 
been  the  case.  In  the  London  mode,  lu  addition  to  the  trouble 
of  filtrating,  m\ich  more  attention  is  requisite  in  the  management, 
of  the  distillation.  If  the  retort  and  receiver  be  closely  luted, 
which  is  often  done  to  prevent  the  escape  and  loss  of  ammonia, 
the  heat  must  be  regulated  with  the  utmost  care,  else  there  is  a 
great  risk  of  bursting  the  vessels.  If  they  be  not  closely  joined, 
uie  loss  of  anmionia  is  considerable.  The  Edinburgh  process  is 
not  liable  to  inconvenience  from  either  of  these  sources,  and  the 
general  advantages  which  I  have  found  it  to  possess  are,  that  it 
IS  the  most  economical  both  in  regard  to  the  quantity  of  the  pro- 
duct,  and  the  time  and  fuel  required  to  obtain  it ;  and  that  it  is 
managed  with  less  trouble^  without  being  liable  to  the  chance  of 
having  the  retort  broken,  either  by  bursting,  or  by  any  other 
cause  peculiar  to  the  process. 

TartroB  Antinwmi. — The  name  given  to  tliis  substance  nata- 
rally  first  excites  your  animadversion.  Had  you  happened  to 
look  at  the  preface  to  the  Pharmacopoeia,  you  would  have  found 
the  reasons  assigned  by  the  College  for  deviating  occasionally 
from  strict  nomenclature,  and  abbreviating  the  name  of  some 
compound  substances,  for  the  sake  of  convenience  in  prescrij>- 
tion,  by  restricting  it  to  that  of  the  active  ingredient.  The 
Tartras  Antimonii  is  one  example. 

There  is  no  preparation  in  the  Pharmacopoeia  for  which  so 
many  and  so  varied  formulas  have  been  proposed  as  the  tartras 
antimonii ;  and.  upon  this  article  I  shall  only  remark,  that  with 
the  aid  of  Dr.  Duncan,  jun.  Professor  of  the  Institutes  of  Medi- 
cine, all  the  processes,  lately  recommended  by  the  Colleges  of 
London  and  of  Dubhn,  and  by  yourself,  were  carefully  tried ; 
and  that  we  saw  no  reason  for  preferring  any  of  them  to  the  one 
in  our  former  edition, 

Carbanas  Ferri  Pracipitatus.^As  1  have  notlat^y  performed 
the  process  for  obtaining  this  substance  with  a  view  of  ascer* 
taimng  the  proper  proportions,  I  shall  not  presume  to  assert  that 
in  this  instance  alsoyou  have  been  unfortunate  in  your  criticism. 
At  all  events,  the  difl«rence  between  the  quantity  of  subcarbonate 
of  soda,  ordered  by  the  Edinburgh  CoUege,  and  that  which  you 
comm^d,  is  so  inconsiderable,  that  it  may  easily  have  arisen 
from  the  different  condition  ot  the  subcarbonate  employed  in 
regard  to  water  of  crvistallization. 

Acetas  Jij/drarg^rL — You  proiess  to  be  ignorant  why  ths 
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College  orders  a  slight  excess  of  acid.  Allow  me,  therefore,  to 
iofunii  you,  thai,  when  a  solution  of  the  nitrate  of  raercury  with- 
out excess  is  poured  into  a  solution  of  the  acetate  of  potassa,  a 
turbidity  and  deposition  of  subnitrate  oi  mercury  comnionly 
take  place  ;  and  the  proper  product  is  injured,  unless  the  liquor 
be  immediately  filtered  as  the  Dublin  College  directs.  The  shght 
excess  of  acid  completely  guards  against  this  occurrence. 

The  quantity  of  water  directed  by  the  Pharmacopoeia  is  not, 
as  you  allege,  too  large ;  it  is  required  to  keep  the  acetate  of  * 
mercuiy  in  golutioa  at  the  moment  of  its  formation^  and  thus 
secures  its  perfect  crystallization. 

Murias  Hj/drargyri  Conmivus, — ^The  fault  which  you  have 
stated  to  the  direction  for  this  substance  is  the  excess  of  the 
common  salt ;  but  you  are  certainly  in  a  mistake  in  asserting 
that  it  is  totally  useless*  Here  I  am  persuaded  it  is  particulaily 
required  that  no  portion  of  the  sulphate  may  suffer  the  subUming 
temperature  free  from  the  contact  of  muriate  of  soda. 

Submitrias  Hj/drargyri  Frcecipitatus. — Since  you  admit  the 
assigned  proportions  of  acid  and  mercury  to  be  correct,  little 
comment  on  your  remark  is  required.  The  College,  however,  is 
not  inconsistent,  as  you  assert,  in  ordering  some  excess  of  nitric 
acid  for  the  acetate,  and  ioibiddmg  it  for  this  preparation ; 
because  the  excess  is  advantageous  for  the  one.  and  prejudicial 
for  the  other.  ^  '       ^  J 

Oxidum  Hydrargjjffi  Cinereum.'^As  you  have  already  acknow- 
ledged with  much  candour,  in  p.  144  of  No.  IL  of  the  New 
Senes  of  the  AnnalSf  that  you  had  committed  an  error  in  greatly 
OTenrating  the  quantity  of  earth  in  the  solution  of  lime,  and  have 
i]icouseq[uence  withdrawn  your  objection  to  the  fojrmula  for  this 
substance,  it  is  unnecessary  for  me  to  say  any  thing  in  its 
defence. 

Oxidum  Hydrargyri  Rubrum  per  Acidum  Nitricum. — If  the 
diluted  nitric  acid  have  been  formed  from  the  strongest  acid, 
y  u  are  perfectly  correct  in  saying  that  it  will  dissolve  an  equal 
Weight  of  mercury,  and  in  that  case  more  acid  is  ordered  by  the 
Edinburgh  College  than  is  necess  iry  for  preparing  this  substance. 
But  if  the  best  acid  usually  met  with  in  apofhecarieb'  shops  be 
employed,  in  consequence  of  its  inferior  strength,  the  proportion 
assigned  m  the  Pharmacopoeia  wilt  be  found  most  suitable. 

Acelas  Plumbi, — ^In  the  formula  for  this  substance  J  acknow- 
ledge that  you  have  detected  an  oversight  on  the  i>art  of  the 
College.  I  trust,  however,  it  is  a  very  venial  one^  as  it  consists 
merely  in  employing  the  older  instead  of  the  new  name  for  the 
oxide  of  lead  used  in  this  preparation. 

I  haye  how  gone  through  the  different  articles  of  your  criticism^ 
Bud  with  the  exception  of  the  trivial  oversight  in  nomenclature 
nsw  admitted,  I  trust  that  every  chemist  who  shall  peruse  these 
Miarks  will  be  satisfied  that  none  of  your  objections  are  weU 
foimded.    I  am  vt  ly  far  from  thinking  tliat  oui  Pliariiiacopttiia 
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is  free  from  blemiah,  though  I  am  convinced  that  the  College 
took  great  pams  to  render  it  so.   To  them  it  must  be  satisfao* 

.  tory  and  gratifying  that  i^Wr  so  lon^  and  deliberate  a  cooaideia' 
tion  of  its  merits,  you  have  not  discovered  in  the  department 
which  has  excited  your  attention  any  real  imperfection.  I 
earnestly  beg  that  you  will  take  the  trouble  of  repeating  those 
processes,  of  which  you  have  expressed  your  disapprobation, 
and  faithfully  observe  the  directions  of  our  Pharmacopoeia,  when 
1  am  fally  persuaded  you  vviii  be  coavinced  that  your  strictares 
have  been  misapplied. 

Though  in  repelling  your  attack,  I  have  been  undci  the  neces- 
sity of  pointing  out  numerous  mistakes  into  which  you  have 
fallen,  yet  i  entertain  that  opinion  of  your  candour  and  jastice, 
as  to  leave  me  no  doubt  of  your  giving  a  place  to  this  letter  m 
the  next  number  of  the  Ainmls  of  Fhi/osop/ij/.  An  opportunity  ' 
Avill  thus  be  aiibrded  to  those  who  have  read  your  aoalybis  ot  : 

.  seeing  also  the  reply  to  it,    I  have  the  honour  to  be,  Sir^  | 

Your-very  obedient  servant,  ' 
Thomas  Charles  Uop£.  | 


Article  IV. 

Jin  Experimental  Lnjuiry  in  the  Chemical  Propef*ties  and  Ecom- 
micai  and  Medicinal  Virtues  of  the  Humulns  LupuluSf  or  ^ 
Conmon  Hop*   By  Ansel  W.  Ives,  MD.  of  New  York.  | 

The  hop  is  a  hardy  perennial  plant,  which  grows  spontane- 
ously in  the  northern  parts  of  Europe  and  Amenca.f  it  belongs 
1e  the  class  Bioeoia,  and  order  Pentandria,  of  Linnseus.  Tke 
plant  which  bears  the  male  flowers  is  not  cultivated,  and  is  cal- 
led tke  wild  /«o^4   The  comrnon  domestic  hop,  which  is  the 

•  fcmaie  plant.  Is  now  to  be  the  subject  of  investigation*  1^ 
general  character  is  too  well  and  too  umversally  known  to 
description.  The  hop  §  has  «been  regarded  tcom  time  immen^ 
rial  as  an  indispensable  ingredient  in  mak  Kquors.   It  was  ist/BKh 
dttced  and  cnitiTated  for  that  purpose  in  Englaml  about  the  year 

'  1549,  and  has  since  been  used  so  extensively  in  that  coantiy 
astd  in  many  others,  as  to  have  become  an  important  sjrticiew 
commerce.    It  has  long  been  known  also  to  possess  aomfi  vktse 

*  From  an  American  Scientilic  Journal. 

That  the  Humulus  is  a  native  of  America  has  been  confirmed  toj  the  obflCffi^ 
.  «^Michem,N««ldl«fiM^Tofl^,«lldoaMn.  • 

I  A  very  accurate  drawing  and  minute  dissection  of  the  male  and  ftmale  hOfi^ 

may  l)efoun<1  in      Lamarch's  Encyclopcdin,"  part       plate  815. 

J Writer* have  generally  u«ed  the  term  Itop-plant  to  H^tan|piiY^  tbt  wboie  flg«ti>b^» 
die  h)p  (0  designate  that  part  of  it  u^ui  in  brewing. 
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U  a  medicine,  and  a  general  description  of  its  character  and  pvs- 
parties  is  recorded  in  most  Pharmacopoeias. 
.  Not  having  seen  any  accurate  analysis  of  this  article^  and 
considering  it  important  that  the  physician  should  know  in  what 
part  of  die  plant  its  medicinal  virtue  resides,  I  commenced  some 
experiments  with  a  view  to  ascertain  this  object.  The  facts 
which  were  developed  in  the  progress  of  the  investigation  were 
to  me  novel  and  unexpected  ;  and  the  results  to  which  they 
obviously  led  altogether  difibrent  from  what  I  had  anticipated. 
The  inedicinal  cliaracter  of  the  hop  was,  therefore,  now  regarded 
as  a  subject  of  minor  importance  ;  for  however  desirable  might 
be  the  merit  of  introducing-  to  general  use  a  new  and  eligible 
form  of  medicine,  that  consideration  would  excite  comparatively 
but  little  solicitude,  while  there  existed  a  hope  of  eftecting  an 
improvement  in  domestic  economy,  which  would  be  matenaily. 
interesting  to  a  o^reat  portion  of  the  civilized  world. 

A  quantity  of  hops  was  procured  which  had  been  kept  for 
domestic  purposes  in  a  small  bag  for  three  yeara.  When  they 
were  taken  from  the  bag,  there  remained  about  two  ounces  of  sen 
impalpable  yellow  powder,  which,  by  sifting^  was  rendered  per- 
fecdy  pure.  This  substance  has  probably  been  observed  by  most 
persons  acquainted  with  the  hop,  and  I  suspect  has  generally  been 
mistaken  for  pollen,  but  it  is  peculiar  to  tneiemale  plant,  and  is 
probably  secreted  by  the  nectaria.  It  seems  to  have  been  more 
correctly  appreciated  by.  those  accustomed  to  the  domestic  use 
of  hops,  than  by  many  others,  professing  a  more  scientific  know- 
ledge of  their  culture,  properties,  and  use.  I  have  not  been  able 
tofind  any  notice  of  this  powder  in  books,  and  know  not  that  it 
has  been  designated  by  any  ajjpropriate  term.  In  the  following 
inquiry,  therefore,  it  will  be  called  Lupulin. 

Exp,  1. — One  dram  of  lupulin  was  boiled  with  two  ounces  of 
water,  in  a  small  retort,  till  a  third  part  of  the  water  had  passed 
over  into  a  receiver.  The  fluid  that  came  over  indicated  slightly 
the  peculiar  aromatic  flavour  of  the  hop  ;  it  was  perfectly  trans- 
parent, very  little  discoloured,  and  exhibited  no  appearance  of  a 
volatile  oil.  The  water  remaining  in  the  retort  was  aromatic  and 
bitter.  When  filtered  and  evaporated,  it  yielded  10  grs.  of  a  pale 
yellow  extract,  intensely  bitter,  and  possessing  in  a  high  degree 
the  peculiar  aromatic  taste  of  the  hop. 

Exp.  2,— Two  ounces  of  the  best  merchantable  hops  were 
distilled  in  a  retort  with  six  ounces  of  vtrater  till  half  of  the  fluid 
had  passed  over  into  a  receiver  of  water.  The  water  in  the 
receiver  was  slightly  impregnated  with  the  odour  of  the  hop,  bnt 
there  were  no  appearances  of  volatile  oil. 
.  Exp.  — ^Two  drams  of  lupulin  were  boiled  in  a  retort  with 
ttiee  ounces  of  alcohol.  The  alcohol  came  over  strongly  impre^- 
SBled  with  the  aroma  of  the  lupulin  ;  but  there  was  no  visible 
vtfcatkm  of  an  essential  oil.  The  remaining  alcohol  had 
luisumed  a  brilliant  yellow  colour,  and  a  pleasant  but  intensely 
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bitter  taste  ;  when  filtered  and  evaporated,  it  yielded  one  ,dram 
of  extract,  of  the  consistence  of  soft  wax.* 

Exp.  4. — A  saturated  decoction  of  the  lupuHn  was  prepared 
with  pure  water.  It  was  opaque,  and  of  a  pale  yellow  colour. 
By  adding  to  a  portion  of  it  a  solution  of  the  sulphate  of  iron, 
the  colour  was  changed  to  a  deep  purple,  approaching  to  black ; 
a  solution  of  animal  gelatine  threw  down  a  copious  ash-coloured 
precipitate,  which  le^t  the  superratant  liquor  transparent  and 
dear*  This  hquor  was  now  decanted  ;^by  adding  to  it  a  solution 
of  iron,  it  was  changed  to  a  pale  blue  ^  the  acetate  and  subace- 
tate  of  lead  caused  a  conious  curdy  y^ellow  precipitate;  the 
nitrate  of  silver,  a  greenish  nocculent  precipitate ;  muriate  of  tin, 
-when  first  added,  produced  no  change,  but  after  standing  ashort 
time,  ci  brown  precipitate ;  a  solution  of  sulphate  of  aluniine 
caused  no  immediate  chanigc,  but  by  boiling  with  the  decoction, 
it  separated  a  dense  precipitate.  Silicated  potash,  alcohol,  and 
Tegetable  blue,  induced  no  change. 

Exp,  5. — Two  drams  of  lupulm  in  four  ounces  of  water  were 
digested  six  hours  in  a  sand-bath.  The  infusion  yiclciLd  by  eva-  | 
poration  six  grams  of  aromatic  and  bitter  extract.  Two  ounces 
of  proof  spirit  were  added  to  the  same  lupuHn,  and  subjected  to 
a  moderate  heat  12  hours ;  when  filtered  and  evaporated,  there 
remained  six  grains  of  a  resinous  extract.  The  same  lupulin  was 
<ligested  30  minutes  in  boiling  alcohol,  from  which  was  obtained 
hy  evaporation  62  grs.  of  extract.  The  extract  obtained  by  the  i 
^second  process  was  soluble  in  pure  alcohol^  and  when  water  was 
added  to  the  solution,  it  became  turbid  and  milky. 

Exp.  6. — The  lupulin  used  in  the  last  -experiment  was  boiled 
in  strong  caustic  ammonia.  When  filtered  and  supersaturated 
with  distilled  vinegar,  a  copious  precipitate  ensued,  which  was 
insoluble  in  alcohol,  and  possessed  the  sensible  properties  oi  an 
impure  wax.  The  last  three  experiments  show  pretty  satisfacto- 
rily that  the  most  important  proximate  pruiciples  of  the  lupulin 
are  resin,  wax,  tannin,  gallic  acid,  a  bitter  piinciple,  and  an 
extractive  matter.  The  following  experiments  were  instituted 
ibr  the  purpose  ol  ascertaining  more  accurately  their  respective 
proportions  as  well  as  the  aggregate  amount  of  soluble  matter  in 
a  given  quantity  of  lupulin. 

Exp.l. — ^Two  drams  of  lupulin  were  iniused  five  hours  in  boil- 
ing water.  To  the  filtrated  infusion  were  added,  at  intervals, 
five  grains  of  animal  gelatin  in  solution,  when  it  ceased  to  pro- 
-duce  any  precij)itate,  and  the  supernatant  liquor  became  trans> 
.  parent  and  clear.  The  sediment,  when  dry,  weighed  10  grains* 
An  ounce  of  alcohol  was  added  to  the  mtered  solution,  but  it 

•  ♦  These  experiments,  with  some  variation,  were  frequently  repeated,  with  the  view 
to  detect,  if  pracCicaUe,  the  volatile  oil  which  is  to  6eatteiitl7  mentioiied  by  aatlion  •> 
cttCDtia]  to  the  flavour  of  beer*  -  The  lesult  was  unjjSmnly  the  Minet  -Hie  pecidiir 
aroma  of  the  hop  was  always  obvious  to  the  imeU  and  taiti^  httt  IwatBeTCtaUe  to  Itfi* 
.nte  it  in  the  fonu  of  an  pseential  oiL 
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caused  no  change  ;  by  evaporation,  it  yielded  15  grs.  of  a  very 
bitter  extract.  The  same  lupulin  was  digested  again  ni  boiling 
water — animal  gelatin  added  to  the  filtered  solution,  induced  no 
precipitate ;  by  evaporation,  an  additional  quantity  of  six  grs* 
of  the  watery  extract  was  obtained. 

Exp,  8.— The  extract  obtained  in  the  last  experiment,  was  put 
into  pure  alcohol,  and  frequently  agitated.  After  24  hours  it 
was  filtered  ;  10  grs.  had  been  redissolvcd  by  the  alcohol,  and 
an  insoluble  mass,  weighing  11  grs.  was  left  upon  the  filter. 

Exp.  9.— The  same  lupulin^  which  was  used  in  the  seventh 
experiment  was  now  digested  in  alcohol.  The  infusion  was. 
highly  bitter,  and  of  a  fine  yellow  colour ;  it  gave  by  evaporation 
24  grs.  of  resin.  By  digesting  in  a  second  portion  of  alcohol,  12 
ens.  more  of  resin  were  obtained,  less  bitter,  but  otherwise  like 
&e  last. 

Erp,  10.— The  lupulin  which  was  the  subject  of  the  last  expe- 
riment, after  having  been  thus  boiled  in  water,  and  digested  in 
alcohol,  was  put  into  a  small  retort,  and  boiled  in  two  ounces  of 
ether.  While  boiling,  it  was  filtered  into  a  vessel  containing  cold 
water,  by  w  liich  means  12  grs.  of  wax  were  obtained.* 

Erp,  11. — Half  an  ounce  of  lupulin  was  boiled  successively  in 
water,  alcohol,  and  ether.  On  weighino*  the  insoluble  residuum, 
it  was  found  that  five-eighths  of  the  whole  had  been  taken  up  by 
the  solvents. 

From  the  foregoing  experiments,  all  of  which  were,  with  some 
variation,  frequently  repeated,  I  infer,  that  the  lupuhn  contains 
a  very  subtle  aroma,  which  is  yielded  to  water  and  to  alcohol^ 
and  which  is  rapidly  dissipated  by  a  high  heat;  that  no  essen- 
tial oil  can  be  detected  by  distillation  in  any  portion  of  the  hop  ; 
that  the  lupulin  contains  an  extractive  matter,  which  is  soluble 
only  in  water;  that  it  contains  tannin^  gallic  acid,  and  a  bitter 
principle,  which  are  soluble  in  water  and  in  alcohol ;  that  it  con- 
tains resin,  which  is  dissolved  by  alcohol  and  by  ether,  and  wax„. 
wliich  is  soluble  onl^  in  alkalies  and  in  boiling  ether ;  that  it 
contains  neither  mucilagf,  ii,uni,  nor  gum-resin;  uiat  the  aromatic 
and  bitter  properties  oi  the  lupulin  are  more  readily  and  com- 
letely  imbibed  by  alcohol  tliaa  by  water,  and  much  sooner  by 
otli  when  they  are  hot  than  when  they  are  cold  ;  that  about 
five-eighths  of  the  whole  substance  is  soluble  in  water,  alcohol, 
and  ether,  there  being  about  three-eighths  of  it  vegetable  fibrous 
matter.    These  proximate  principles  exist  in  very  nearly  the 

•  The  usual  method  of  separating  wax  from  vegetables,  by  boiliog  them  in  caustic 
ttBttumia,  then  supersaturating  the  alkali  witli  vinei^ar,  or  vith  dilated  «ulphurfe 
•cid,  is  tediouf,  and  the  results  unsatisfactory.  The  following  is  a  mudi  more  easy  and 
beautiful  process.  After  digesting  the  substance  in  boiling  water  and  ci  Iti  alroliol,  let  it 
be  boiled  m  ether,  and  the  solution  strained,  wLIle  boiling,  into  cold  water.  The  wax, 
which  is  held  in  solution  by  boiling  tther,  is  thrown  down  as  soon  as  the  ether  is  cooled 
^  Ae  water,  and  its  spediic  gravity  being  greater  thai)  that  of  eth«r,  and  leas  than  that 
«  water,  it  Ibtms  abeantIM  partition  between  them.  If  die  ether  be  sufibed  to  wmpo^ 
>>^  the  wiK  nay  be  taluB£m  the  water  entire,    * 
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Exp.  12.— Two  drams  of  the  leaves,*  from  which  ^1  the 
lupulin  had  been  separated,  were  digested  12  hours  in  six  ounces 
of  boiling  water.  The  infusion  was  bitter^  and  exceedingly 
unpleasant  to  the  taste ;  it  possessed  none  of  the  aromatic  flavour 
and  peculiar  bitter  of  the  lupulin.  When  filtered  and  evaporated^ 
it  yielded  five  grains  of  nauseous  'extract.  The  same  leaves 
were  again  digested  in  six  ounces  of  proof  spirit:  after  12  hours, 
the  infusion  was  filtrated,  and,' by  evaporation,  yielded  five  grs. 
of  extract,  similar  to  the  last.  The  same  leaves  were  digested 
24  hours  in  alcohol ;  the  infusions  manifested  none  of  the  sensi- 
ble properties  of  the  hop  ;  it  gave  by  evaporation  four  grains  of 
extract.  The  taste  of  none  of  the  extractive  matter  obtained 
from  the  leaves  was  sufticiently  characteristic  of  the  hop  to  desig- 
nate that  it  was  obtained  from  that  article  .f 

From  this  and  other  similar  experiments  leading  to  the  same 
results^  I  think  it  is  conclusively  proved,  that  the  virtue  of  the 
hop  resides  exclusively  in  the  lupulin ;  that  the  leaves  contain  a 
nauseous  extractive  matter^  which  is  imparted  to  water  and  to 
alcoholi  and  which,  instead  of  adding  to  the  bitter  and  aromatic 
flavour  of  the  lupuhn^  partially  neutralizes  or  destroys  it. 

The  obvious  inference  from  these  results  was,  that  the  lupuhn 
was  the  only  part  of  the  hop  essential  to  economical  purposes; 
an  inference  so  little  anticipated,  that  it  became  an  important 
subject  of  inquiry,  whether  that  part  of  the  plant  was  duly  esti- 
mated by  practical  brewers — whether  it  had  been  regarded  by 
authors  as  preferable  to  the  leaves,  and  if  so,  what  impediment 
o)  w  hat  cousideratiou  prevented  its  being  separated  from  the 
chaff. 

On  making  inquiry  of  a  number  of  brewers  in  this  city,  it  was 
ai^certained  that  there  was  about  one  in  three  who  considered 
^is  powder  useful,  in  common  with  other  parts  of  the  plant.  It 
was  known  to  all  that  hops  were  used  principally  for  their  anti- 
septic powers,  or  to  preserve  the  beer  from  acetous,  fermentation; 
hut  neither  practical  brewers,  nor  scientilBc  writers  on  brewiogi^ 

*  It  will  be  uudcr&cood  that  hy  tha  leaves  are  mgojut  the  adio&i  which  fona.  the  fiawfi^^ 
4p  tet  laxtoir  tbe     cimimoaly  ttied  in  Ineiri^ 


f  It  19  neeessAiy  to  zemark  that  great  care  was  taken  to  procure  the  leaves  f« 
^gq^erinicnt  perfectly  free  from  the  lupulin,  which  is  "T4f TlHr^y  HHUcHTri  W  UmHI  ilLgPMt 
abujuUnce,   Xbis  cannot  be  done  by  thrato^  tea* 
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appear  to  have  noticed  this  substance  particularly.   Bv  some  of 
'  tte  fomaeTf  it  is  remded  as  useless.   When  at  on€>  brraeiy  I* 
wised  for  some  of  the  yellow  powder  tSol  wsb  found  at  the  bOU 
torn  of  the  hop  bags ;  I  was  told  that  I  could  find  but  little  the% - 
as  but  a  few  Ays  ago  they  bad  swept  half  a  bushel  cf  it  from  die 
store. 

1  was  now  resolved  to  ascertain,  if  possible,  the  proportion  of 
lapiilin  in  the  merchantable  hop,  and  also  whether  it  conld  be 
coinpletelv  and  readily  separated  from  the  leaves.  Accoidingly 
six  pounds  of  pressed  hops  were  taken  from  the  centre  of"  a  bag, 
containing  some  hundred  pounds,  and  expo^  ed  to  heat  till  per- 
fectly dry.  They  were  then  put  into  a  light  bag,  and  by  thresh- 
,  iog,  Fubbing,  and  lifting,  14  ounces  of  the  pure  powder  were 
;  separated  in  a  short  timei  and  with  very  little  labour. 

Though  the  quantity  thus  obtained  was  surprisingly  great, 
there  was  obviously  a  considerable  proportion  remaining  which 
coaid  not  easily  be  separated  from  the  chaC  If,  therefore,  the 
,  bops  were  gathered  when  the  lupnlirf  existed  in  die  greatest 
abandance,  aad,  instead  of  being  pressed  and  packed,  were 
\  exposed  to  the  sun  till  perfectly  dry,  there  is  little  doubt  but  sit 
pounds  would  yield  a  pound  of  the  powder  in  question.* 

Tiie  foregoing  experiments  were  not  completed  till  late  in  the 
spring,  when  the  best  season  for  brewing  was  passed,  but  with 
the  advice,  and  by  the  direction  of  Robert  Biirnes,  Esq.  (an 
experienced  and  scientihc  brewer,  zealous  for  the  improvement 
of  hi«  art)  two  barrels  of  her  r  were  made  in  which  nine  ounces 
of  the  lupulin  were  sul)stitute(l  for  five  pounds  (the  ordinary 
quantity)  of  hops.  The  result  confirmed  the  most  sanguine 
expectation.  Though  the  quantity  of  lupulin  was  less  than  what 
(ftecordhig  to  the  foregoing  statement)  usually  enters  into  tl^ 
,  fittne  quantity  of  wort  ;v  and  though  the  weather  during  the 
.  xaonth  of  June  was  unusually  warm,  and,  therefore,  uniavoun^e 
to  its  preservation,  still  the  beer,  which  is  now  fiv«  weeks  old) 
is  very  fine.  It  is  pleasantly  aromatic  and  bitter,  ^nd  in  a  pep- 
feet  state  of  preservation. 

To  ascertain  the  preservative  property  of  the  lupuKn  by  a  more 
direct  experiment,  equal  quantities  of  the  beer  were  put  into 
separate  vials  and  exposed,  unstopped  to  the  snn.  To  the  beer 
in  one  vial  was  added  a  scruple  of  lupulin.  The  beer,  to  which 
none  was  added,  became  mouldy  and  sour  in  10  days  ;  the  other 
Waft  unchauaed  at  the  expiration  of  15  days. 

Havmg,    as   I   conceive,    demonstrated    that   the  lupulin 
?ione  contains  the  bitter  principle  and  the  aromatic  flavour  of 
the  hop,  which  are  essential  to  the  excellence  and  preservation 
o^malt  liquor,  and  having  shown  also  the  feasibility  of  separating' 
it  from  the  leaves  to  which  it  is  attached ;  I  shall  proceed  1^ 

*  Nothing  conjectural  would  here  have  been  introduced,  but  with  a  view  to  .si lo  v.  ,  as 
f'^'^^y  as  poMible,  the  proportion  of  lupulm,  that  the  reqnkite  quantity  may  be  known 
^  cue  hAttm  be  tubitituted  for  the  tearei  of  bopi  in  \newis%, 
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enumerate  some  of  the  most  obvious  benefits  which  would  result 
from  these  &uotB  should  they  be  found  applicable  to  practical 
use. 

1.  It  would  diminish  the  expenses  of  transportation.  In  this 
tihe  saving  would  be  enonnous.  The  hops  which  are  now 
brought  to  this  city  are  cultivated  in  the  eastern  states,  and  in 
the  western  parts  of  this  state^  and  the  ex^nse  of  transportation 
is  from  one  to  two  cents  a  pound.  This  is  on  account  of  their 
bulk  rather  than  their  weis^ht.  Were  the  lupulin  separated  from 
the  leaves,  it  being  but  about  the  sixth  part  in  weight,  and  not 
one-twentieth  in  bulk,  it  might  be  compressed  into  casks,  and 
thus  transported  with  convenience  and  at  a  small  expense.  In 
shoit,  the  difi'erence  would  not  be  less  than  that  of  sending 
wheat  to  market  before  and  alter  thresbirij}:.  Misrht  it  not  also, 
for  the  same  reason,  become  a  profitable  article  of  export 

2.  It  would  lessen  the  difficulty  and  expense  of  storage.  Not- 
withstanding the  present  mode  of  pressing  hops  into  bags  (which 
is  done  not  less  to  diminish  their  bulk  than  to  preseirve  their 
TOtue)  their  storage  is,  as  it  ever  has  been,  an  important  item  of 
e^mense,  as  well  as  a  very  great  burden  to  the  brewer. 

3.  One  object  in  pressing  the  hop  into  bags  is,  to  preserve  it 
from  the  injury  of  the  air,  a  long  exposure  to  which,  it  is  siud, 
partially  destroys  its  virtu^.  Whatever  may  be  the  cause,  it  is 
well  known  that  the  value  of  hops  is  diminished  by  age.  This 
could  not  result  to  the  lupnlin  any  more  than  to  our  imported 
teas,  were  it  packed  in  casks  which  would  secure  it  perfectly 
from  the  air. 

.  4.  The  brewer  would  evade  an  enormous  loss  which  he  now 
sustains  in  the  wort  absorbed  by  the  hops.  Dr.  Shannon,  who 
has  perhaps  devoted  more  time  and  talent  to  the  subject  of 
brewing  than  any  otiier  English  author,  has  demonstrated,  by  a 
aeries  of  experiments,  that  one  barrel  of  wort  is  absorbed  by 
every  60  pounds  of  hops  in  the  ordinary  process  of  brewing.* 
The  quantity  of  beer  manufactured  annually  in  London  is 
upwards  of  1,500,000  barrels,t  and  the  least  quantity  of  hops 
used  in  making  it  is  two  and  a  half  pounds  to  the  barrel,  or 
3,750,000  pounds ;  now  as  a  barrel  of  wort  contains  not  less 
than  three  Dushels  of  malt,  it  follows  that  the  quantity  of  malt 
thus  annually  lost  by  absorption  is  187,600  bushels— the  price  of 
which  may  be  fairly  estimated  at  as  many  dollars. 

6.  It  will  lessen  the  temptation  to  the  fraudulent  practice 
which  now  prevails  of  adulterating  beer  with  other  vegetable 
bitters.  jN^otwitlistanding  the  prohilpitions  of  parliament  there  is 
no  article  which  is  the  subject  of  such  varied  and  extensive 
fraud  in  England  at  the  present  day  as  that  of  beer.  As  a  sub- 
stitute for  the  hop,:j;  the  cocculus  indicus,  quassia  and  wormwood 

•  Vide,  Dr.  shannon's  Tieatise  on  Brewing* 
t  Ediabtni^  Encyclopedia,  nA»  IL 

%  Aecuin*!  Trefttiae  on  the  Adultetatiim  of-Food.  Alao,  Edinbtii^  Renew,  No.  6Ai 

I 
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have  all  in  turn  been  used  ;  but  all  of  them  are  so  far  inferior, 
both  Hi  their  flavour  and  in  their  antiseptic  or  preservative  pro- 
perties, that  the  use  of  all  vegetables  in  the  manufacturing  of 
Deer,  excepting  malt  and  hops,  is  by  law  forbidden.  By  the 
improvement  which  is  now  proposed,  so  great  would  be  the 
diminution  in  the  price  of  the  hop,  from  its  ])eing  made  an 
article  of  easv  and  cheap  transportation,  that  there  would  belittle 
inducement  for  using  any  other  article  in  its  stead. 

a.  The  lupuliu  is  exceedingly  bitter,  but  not  unpleasant, 
whereas  the  nauseous  extractive  matter  of  the  leaves  which,  .by. 
boiling,  is  imparted  to  the  beer,  is  unpleasant  to  the  taste,  andf, 
when  highly  concentrated,  is  freq^uently  ungrateful  to  the  sto- 
mach. It  is  believed  that  few  persons  ever  relished  the  peculiar 
bitter  of  the  strong  beer,  until,  by  drinking  it  habitually,  their 
taste  becomes  vitiated,  as  is  the  case  in  the  use  of  opium  and 
tobacco.  Soon  after  hops  were  introduced  into  use  in  birew- 
ing  in  England,  the  citizens  of  London  petitioned  parliament  to 
forbid  their  use  in  the  kingdom,  as  they  were  a  nuisance, 
"  and  spoiled  the  taste  of  their  drink"  The  leaves  then  are  not 
only  useless,  but  prejudicial  to  the  flavour  of  beer. 

On  the  virtues  of  this  substance  as  a  niedic  'nie,  I  shall  at  pre- 
sent be  very  brief,  as  it  will  probably  be  made  a  subject  for 
future  consideration.    It  has  already  been  observed  that  the  hop 
has  long  been  regarded  as  a  medicine  of  some  value.    In  France 
it  has  been  used  as  a  tonic,  and  prescribed  in  dyspepsia  and 
scrofula.    In  this  countrv  it  has  been  most  valued  for  its  narco- 
tic  powers,  and  used  in  cases  w^hen  opium  was  inadmissible. 
The  most  common  preparation  is  a  saturated  tincture  of  the 
leaves.    To  this  there  are  two  important  objections  :  1.  To  give 
enough  of  the  tincture  of  the  leaves  to  induce  sleep,  the  quantity 
of  alcohol  is  necessarily  so  great  as  sometimes  to  do  injury  to 
the  patient.  2.  When  given  in  large  doses,  it  frequently  produces 
nausea,  and  sometimes  vomiting.   The  first  of  these  objections 
requires  no  proof ;  the  second  is  confirmed  by  my  own  oblserva- 
tion,  and  by  the  experiments  of  Dr.  Bryorley,  in  his  inaugural 
dissertation  on  the  hop«   This  last  effect  is  probably  owing  to  the 
extractive  matter  in  the  leaves,  for  I  have  never  seen  it  produced 
by  the  lupuUn,   I  have  prescribed  the  powder  in  substance,  the 
infusion,  decoction,  alcoholic  tincture,  and  the  extract.   As  its 
^■romatic  and  bitter  properties  are  imparted  to  water,  the  infusion 
tt^an  eligible  preparation  as  a  tonic  and  stomachic  ;  but  if  given 
With  a  desire  to  produce  sleep,  the  tincture  is  t!ie  best  prepara- 
tion.   As  it  has  been  demonstrated,  both  by  positive  and  nesra- 
hve  testimony,  that  the  narcotic  principle  exists  in  the  resiti  only, 
the  tincture  should  always  be  made  with  alcohol  and  not  with 
proof  spirit.    It  is  more  diliicult  and  expensive  to  prepare  the 
extract  than  the  tincture,  and  the  latter,  in  most  instances,  is  the 
most  eligible  preparation. 
tU  virtues  are  aromatic,  tonic,  and  narcotic  \  and  it  is,  I 
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believe,  the  only  article  in  which  these  properties  are  combined. 
Our  country  abounds  with  vegetable  bitters  and  tonics,  many  of 
which  are  more  powerftil  than  the  hop,  but  there  is,  perhnps, 
none  which  can  so  properly  be  denominated  a  stomachic*  Thst 
family  of  sym{>tomatic  diseases  which  are  the  consequence  of 
exhausted  excitability,  or  move  directly  of  an  enfeebled  and 
deranged  state  of  the  stopaach  and  bowels,  are  certamiv  nradi 
,  relieved  by  this  medicine.  It  frequently  induces  sleep,  and  quiets 
great  nervous  irritation,  without  causing  costiveness,  or  impair- 
ing, like  opium,  tlie  tone  of  the  stomach,  and  thereby  increasing 
the  primary  disease.  As  an  anodyne,  it  will  be  found  inefficient 
compared  with  opium.  1  hr  saturated  alcoholic  tincture,  in 
doses  of  from  40  to  80  drops,  will  induce  sleep  with  as  much 
certainty  as  opium  in  cases  of  long  watciiing  from  nervous  irrita- 
biUty ;  but  the  same  cannot  be  said  of  its  efficacy  in  reheving 
pain.  This  substance  then  is  not  commended  as  a  medicine 
which  ought  to  supersede  the  use  of  others  of  acknowledged 
virtue,  but  as  a  useful  auxiUary,  which  undoubtedly  possesses 
properties  in  some  respect  peculiltr  to  itself^  and  as  the  part  of 
the  hop  altogether  preferable  to  any  other,  or  to  the  whole  as  it 
is  ordinarily  used  in  tincture. 


Article  V. 

Ou  various  Mixtures  of  Ort/muriate  of  Potass  for  discharging 

Ordnance, 

(To  the  Editor  of  the  Anmb  of  Philosophy.) 

SIB,  Pel.  eo,  1821. 

Ob8£rvinO|  in  the  last  number  of  the  Annab  of  Philosophy^ 
some  experiments  on  various  mixtures  of  oxymunate  of  potass 
for  discharging  ordnance  according  to  Mr«  Forsyth's  plan,  1  take 
1bi»  opportunity  to  suggest  a  mixture  of  Howard's  fulminating 
mercury,  sulphur,  and  charcoal^  separately  reduced  to  powder, 
and  afterwards  intimately  mixed.  Several  experiments  on 
various  mixtures  of  these  three  ingredients  were  made  in  Paris  a 
slioit  time  since;  but  as  they  were  conducted  with  great  secrecy, 
I  was  unable  to  ascertain  the  use  to  wlucii  they  were  destmed. 
I  have  seen  some  granulated  after  the  manner  of  gunpowder, 
and  some  made  perfectly  spiierical,  in  which  latter  form  it 
appeared  most  energetic. 

if  this  composition  is  not  generally  known,  you  will,  perhaps^ 
think  it  worthy  a  place  in  the  Antiais*   I  remain,  yours,  8cc. 

T.  N. 

P.S.  The  proportions  of  the  ingredients  best  adapted  to  the 
above  purpose  might  easily  be  ascertained  by  afew  experimenfil. 
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Article  VI. 

Astronomical  and  Meteorological  Observations, 
By  Col.  Beaufoy,  FRS. 

Bushe^  Ueatk,  near  Stanmors^ 

JLatitiide      37'  44'3"  Njirth.    Longitude  West  in  time  1'  20«W. 


Astronomical  Observationsy  Feb*  6,  1B2U 

Ott»ltatioiio£8xb7a»moon..  ^^^^^^  Mean  IHmeat  BadMj. 

These  observations  were  made  under  very  favourable  circum- 
stances^  and  the  hght  of  tha  star  at  the  instant  of  immersion  waB 
as  bright  as  when  it  was  several  minutes  distant  from  the  moon'ik 
hmb. 

Rain,  between  noon  the  1st  of  January  and  noon  the  1st  of 
February,  2*115  inches.  Evaporation^  during  the  same  period,. 
0*680  inch.  Mean  heat  of  January,  27^.  Thermometer,  lowest, 
Jan.  4th,  =  21^  Highest,  Jan.  ISA,  49^"". 


Article  VIL 

On  the  Going  of  a  Clock  with  a  Wooden  Pendulum* 

Bj  Col.  Beaufoy,  FRS. 

(To  the  £ditor  of  the  Amnah  of  Philosopb^J) 

DEAR  SIR,  Bushey  Ilcath,  Siannwrc,  Feb.  7,  18§!. 

Ln  the  Annals  of  Philosophy/  for  February,  1820,  was  pub- 
lished the  going  of  a  clock  with  a  wooden  pendulum,  and  also  a 
description  of  its  construction ;  but  as  it  may  be  more  satisfac- 
tory to  have  the  account  of  the  rate  for  a' longer  period  than 
12  months,  I  have  the  pleasure  to  send  a  table  of  the  clock's 

S>ing,  during  a  second  year,  and  the  result  corroborates  the 
vo&iable  impression  I  then  entertained  of  its  accuracjf . 
~  I  remain,  dear  Sir,  your  obliged  servant, 

l^ARK  BbAUFOYv 
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JMr.  Deuchar^s  Remarh 


[March, 


Article  IX. 

Remarks  regarding  the  Experiments  upon  Flame,  performed  with 
{the  Apparatus  for  discharging  Ordnance  trithout  the  Use  of  a 
Idght  or  Match*LocL   By  Mr.  John  Deuchar,  Lecturer  oa 
Chemistry  in  Edinburgh. 

(To  the  Editor  of  the  Annals  of  Philosophy,) 

SIR,  37,  LUhkm-Hreeij  EUnbmrghy  Feb.  10,  1681. 

'  At  a  meeting  of  the  Wemerian  Natural  History  Society, 
ivhich  was  held  to  day,  I  read  the  continuation  of  my  account  of 
the  experiments  performed  with  the  apparatus  for  disehargixig 
ordiiciiice,  a  description  of  which  was  given  in  the  last  number  of 
the  Annah.  In  this  paper  T  have  entered  upon  the  cause  of  the 
results  which  present  themselves.  I  have  endeavoured  to  show 
by  experiments  that  it  is  not  in  the  slightest  degree  electrical, 
but  that  it  may,  with  more  propriety,  be  ascribed  to  free  caloric 
in  a  so  far  insulated  or  condensed  state.  1  have  not  yet  tried  the 
whole  of  the  experiments  1  had  chalked  out  to  myself;  for  the 
proof  of  this,  so  far,  however,  as  1  hare  gone,  they  verify  tlie 
eonclusion.  I  have  also  noticed  more  fully  the  nature  of  the 
flame  while  in  rapid  motion,  and  the  alterations  of  its  effect 
upon  substances  by  retarding  that  movement ;  when  its  force  is 
not  retarded,  it  passes  through  many  inflammables  without 
aiecting  them  in  the  least;  but  when  its  velocity  is  so  far  stop- 
ped as  to  bring  it  for  a  longer  time  in  contact  with  the  substance 
to  be  acted  upon,  then  it  begins  to  display,  in  a  greater  or  less 
degree,  the  usual  effects  of  caloric. 

As  you  will  find  the  minute  details  of  these  experiments  in  the 
third  volume  of  the  Transactions  of  the  Wemerian  Natural  His* 
toty  Society,  to  be  published  in  a  few  days,  I  should  not  have 
troubled  you  with  any  observations  at  present,  had  it  not  been 
that  from  what  was  mentioned  at  p.  93  of  the  present  volume  of 
the  Annals,  reirarding  the  experiments  with  wire  gauze,  it  might 
appear  that  the  gunpowder  could  not  be  fired  through  the  wire 
e;auze  used  in  Sir  H.  Davy's  safety  lamp,  w  ithout  the  wire  being 
injured.    I  have  since  found  that  the  wire  gauze  1  bought  of  the 
manufacturer,  and  which  he  assured  me  was  the  same  as  that 
used  in  tiie  satiety  lamp,  was  by  far  too  fine,  and  that  it  was  on 
this  account  the  Hame  sometimes  forced  away  a  part  of  it.  The 
following  experiments,  which  I  extract  from  the  paper  above 
alluded  to,  will  remove  any  misconception  that  may  have  arisen 
'  on  this  pact  of  the  investigation.    The  wire  gauze  I  used  was 
made  of  brass  ;  an  inch  of  the  finest  kind  contained  70  meshes 
in  the  length,  being  4,900  in  the  square ;  and  the  coarsest  kind 
contained  36  in  the  length,  being  1,296  meshes  in  the  square 
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inch.  Now  upon  examining  two  of  the  lamps  recommended  by 
Sir  H.  Davy,  the  one  with  copper  gauze,  and  the  other  with  iron 
^auze,  1  found  the  former  had  only  676  meshes  in  the  square 
inch,  and  the  latter  784  meshes  in  the  same  space. 

Experiment  13* — tnbe  which  could  be  separated  into  six 
pieces  of  nearly  the  same  length,  was  screwed  to  the  ai)paratas 
(Plate  III,  p.  89),  making  the  distance  from  the  top,  A,  to  the 
bottom  fully  23  inches.  A  piece  of  the  coarser  wire  gauze, 
already  described,  was  put  upon  the  hole  at  the  joining,  when 
the  iulminaliiig  powder  was  exploded  at  A,  the  flame  passed 
throup^h  the  gauze,  and  appeared  at  the  bottom  of  the  tube.  The 
same  kind  of  wire  gauze  was  next  placed  at  a  and  b  at  the  same 
time,  and  then  at  a,  hj  and  f,  aiid  the  flame  passed  through  all 
the  pieces.  This  eflect  was  also  ol)tained  when  similar  pieces  of 
wire  gauze  were  put  at  all  the  five  joinings  of  the  tube  at  once, 
in  this  last  result,  the  first  piece  of  wire  gauze  was  4|  inches 
from  the  top,  A  ;  the  second,  8^;  the  third,  12  ;  the  fourth,  16; 
and  the  fifth,  20  ;  and  the  flame  appeared  at  the  bottom,  after  a 
passage  of  nearly  23^  i&ohes,  through  five  pieces  of  the  wire 
gauze. 

Experiment  14'.— As  I  could  not  get  the  flame  to  pfts»  tfafougb 
die  whole  of  the  tube,  when  I  increased  the  joinings  beyond  23^  ^ 
inches,  it  was  impossible  to  try  an  additional  number  of  pieces 

of  wire  gauze,  by  adding  them  in  the  same  way.  I,  therefore, 
increased  the  number  by  putting  more  than  one  at  the  same 
joining.  I  found,  upon  repeated  trials  ia  tliis  w^ay,  using  the 
tube  15  inches  long  (as  represented  on  the  plate,  p.  89,  fig.  1), 
that  the  flame  could  pass  through  three,  six,  nine,  and  twelve 
pieces  at  once  :  there  being  placed  one,  two,  threa,  and  four 
pieces  at  each  of  the  jouiiii.rs,     h,  andc. 

Experiment  15. — Although,  by  the  two  last  experiments,  it  was 
proved  that  Uie  fiame  could  pass  through  the  coarser  wire  ^auze 
when  increased  even  to  12  pieces  at  once,  yet  it  did  not  ioUow 
that  it  was  not  thereby  altered  somewhat  in  its  nature  A  pro- 
bable change  was,  that  it  might  become  inert  with  regard  to 
inflammables,  as  takes  place  in  the  different  safety  lamps,  and 
particularly  that  of  Sir  H.  Davy.  Several  experiments  were 
tried  to  ascertain  if  this  suggestion  were  correct ;  first,  the  wure 
gauze  was  put  at  a  ;  then  at  a  and  b ;  and  lastly,  at  a,  b,  and  c ; 
placing  at  the  same  time,  during  each  trial,  a  quantity  of  gun- 
powder in  a  piece  of  flannel  at  the  bottom  of  the  tube  ;  and  ui  all 
of  these  I  found  the  gunpowder  to  be  ludamed,  and  the  wire 
gauze  not  to  be  in  the  least  injured. 

Experiment  16. — I  next  tried  the  result  of  firing  the  fulmniat- 
ing  powder,  with  the  finest  wire  gauze  placed  first  at  a,  then  at 
G  and  h,  and  then  at  a,  b,  and  c,  and  found  that  the  flame  still 
Appeared  at  the  bottom,  B ;  showing  that  the  gauze,  although 
much  finer  than  that  used  in  Sir  H.  Davy's  safe^  lamp,  was  not 
unpervious  to  this  flame.   In  some  of  the  ezpenments  I  found  a 
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hole  to  have  been  made  in  the  centre  of  the  wire  oauze,  and 
sometimes  the  parallel  wires  were  foiccd  wider.  This  was  very 
ulltn  the  case  when  apiece  of  wire  gauze  was  put  at  all  the  join- 
ings, ^i,  b,  and  t ,  and  then  it  was  the  gauze  at  a  which  was  torn 
or  otherwise  injured. 

Experiment  17. — In  order  to  ascertain  if  the  flame  still  remained 
•unaltered,  notwithstanding  its:  having  passed  through  the  finest 
wire  gauze,  a  quantity  of  gunpowder  in  flannel  w^as  alhxed  to  the 
bottom  of  the  apparatus  ;  and  it  was  inflamed  through  one,  two, 
and  even  three  pieces  of  the  gauze.  Here  the  same  occasional 
appearance,  noticed  in  the  last  experiment,  occurred  with  regard 
to  the  upper  piece  of  wire  gauze. 

I  am,  yours  respectfully, 

John  Deuchak. 

i 


Article  X. 

On  a  Machine  to  measure  a  Ship's  Waj/  Oj/  the  Log  Zdne. 

By  Mr.  J.  jNewman 

(To  the  Editor  of  the  Annals  of  Philosophj/.)  ' 
DEAR  SIR, 

I  OBSERVE  in  the  last  number  of  the  Annals  of  Philosophi/  a 
paper  referring  to  the  account  I  have  given  of  a  macliine  to 
measure  a  shi^/s  way  by  the  log  line,  in  which  a  prior  claim  to 
mine  is  set  up  for  the  invention.  This  I  conclude  to  arise  from 
the  circumstance  of  my  not  having  mentioned  the  date  of  the 
instruments  I  made ;  and  from  it  your  correspondent  supposes 
that  the  date  of  the  publication  of  the  paper  is  that  of  the 
invention. 

It  is  now  at  least  40  years  ago  since  I  invented  and  made  the 
first  instrument  in  question.  Capt.  Hubbard,  then  of  the  East 
India  service,  had  the  first  of  them,  and  between  tibe  years  1786 
and  1798  they  were  publicly  sold  by  Messrs.  P.  and  J.  Dollond, 
and  Mr.  George  Adams,  with  their  names  on  them ;  but  my 
account  book  of  that  time  is  destroyed.  My  present  account 
book  begins  in  1794,  and  I  find  that  Messrs.  DoUonds  had  one 
of  the  instruments  on  Sept.  4.  1797  ;  and  another  on  tlie  27th  of 
the  ^same  month.  These  dates  can  no  doubt  be  easily  venlied 
by  reference  to  their  books.  I  made  several,  perhaps  16  or  18, 
between  the  dates  I  have  mentioned,  but  my  attention  being 
called  to  other  things,  I  did  not  pursue  the  subject  with  any 
degree  of  earnestness.  I  remember  that  Capt.  Clayton  had  one 
of  the  first  that  I  made  in  the  year  1785,  and  he  recommended 
me  to  take  it  to  Sir  Charles  Middleton,  at  the  iNavy  Office, 
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Somerset  House,  who  spoke  well  of  it,  and  advised  me  to  take 
it  to  the  Admiralty  ;  but  1  did  not  pursue  the  matter  further. 

As  the  only  question  is  merely  as  to  the  date  of  thejnvention, 
and  not  to  any  imaginary  superioritv  in  principle,  I  need  not 
direct  attention  to  the  supposed  advantage  of  either  one  or  tlie 
other  iastrumeuts.  I  am,  dear  Sir, 

Very  respectfully  yours,  &c. 

J.Nj&wman. 


Articus  XI. 

On  the  comparative  Advantages  of  illuminating  hy  Gas  produced 
from  Oil  and  from  CoaL   By  M.  Ricardo,  Esq. 

(Ta  the  Editor  of  the  Annals  of  Fhilosophy,) 

DEAR  SIR» 

The  utility  of  employing  gas  for  the  purpose  of  illumiiiation 
18  no  longer  a  subject  of  doubt,  but  from  what  substance  it  is 
most  advantageou»ily  obtained,  whether  by  decomposing  .oil  or 
•coal,  is  not  yet  decided  by  men  of  science.   I  have,  therefore* 

been  induced  to  enter  into  an  examination  of  the  comparative 

advanta^eii  of  the  two  in  oidcr  to  draw  the  attention  of  those 
who  are  engaged  in  the  formation  of  gas  light  establishments  to 
Ae  subject,  and  to  enable  them  to  arrive  at  a  tolerably  correct 
opinion,  which  it  would  be  most  advisable  to  adopt. 
It  is  my  intention  to  consider 

1.  The  qualities  of  the  two  gases  for  producing  light. 

2.  The  comparative  facilities  with  which  au  establishment  for 
production  of  either  may  be  carried  on. 

•  3.  The  capital  required  for  such  establishments. 

4.  The  comparative  cost  of  the  two  ^ases. 

5.  Which  is  most  desirable  in  a  national  point  of  view* 

The  gas  produced  from  oil  is  much  purer,  and  contains  a  much 
greater  illuminating  power  lhan  that  from  coal.  The  quantity  of 
fight  produced  from  a  given  portion  of  oil  gas  is  stated  by  an 
eminent  chemist  to  be  equal  to  three  times  the  quantity  pro- 
duced from  coal  gas :  from  the  result  of  ra  v  own  experiments,  it 
is  equal  to  four  times  ;  for  I  have&nadlMlw  Argand  burlier 
giving  a  lieht  equal  to  six  csndbs,  'six  to  the  pound,  consumed 
one  cubicd  foot  in  the  hour.  Mr.  Accum,  in  his  work  on  Ga 
lights,  p.  276,  states  that  an  Argand  burner  of  coal  gas  giving 
s  hght  equal  to  three  candles,  eight  to  the  pound,  consumes  two 
cubical  feet  per  hour.  Then  as  one  foot  oi  oil  gas  is  equal  to 
six  candles,  and  two  f(^et  of  coal  gas  are  required  to  equal  three 
candles,  it  follows,  if  the  candles  were  even  of  the  same  size,  that 
one  volume  of  oil  gas  is  equal  to  four  of  coal  in  iliumiuatiug 

Nei0  Series^  vol.  r.  o 
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..power.    If  we  take  the  meao  of  these  statements,  it  will  be 
one  to  three  and  a  half ;  that  is,  20  pube  ieet  i>i'  oUgii,s  wUl 

much  light  as  70  of  coal  gas. 

Oil  gas  requires  no  purification  ;  it  contains  no  sulphuretted 
Jhwdrogen  which  is  one  of  the  admixtuj  cs  of  coal*  gas,  and  of  this 
all  the  pui ideation  to  whirh  it  is  submitted  cannot  wholly 
deprive  it;  the  coal  gas,  therefore^  acts  upon  all  metallic  sub^ 
stances*  and  in  the  course  of  time  must  seriously  injure  the 
pipes  through  which  it  passes,  and  its  accidental  escape  in  shops 
and  houses  must  prove  highly  (iethmental  to  all  ornamental 
gildings,  paintings,  or  any  thing  of  which  metals  form  a  part* 
This  cannot  happen  wh^re  oil  gas  is  used ;  for  it  contains  no 
sulphuretted  hydroseu^  and  it  is  well  known  to  have  no  action  on 
^tals  whatpver.  It  may  said^  that  the  mode  aikpUNl  fir 
purifying  coal  gas  efiectually  deprives  it  of  jthisafxious  gas ;  but 
experience  has  proved  that  this  is  not  the  fact,  as  in  many  places 
the  smaller  copper  pipes  show  evident  marks  of  being  strongly 
acted  upon,  the  bore  being  gradually  filled  up  with  suiphuret  of 
copper.  As  this  process  takes  place  slowly,  the  diminution  of 
light  is  not  immediately  perceptible,  but  it  will  bccoiiKj  \  ery 
ifivident  ailei  a  time  ;  and  it  may  be  expected  thai  after  liie  lapse 
of  a  still  longer  period,  the  same  evil  may  arise  in  the  larger 
.pipes,  as  iron  is  also  liable  to  the  same  corrosive  iiiHueuce  Irom 
its  contact  with  this  gas.    The  adauxLure  of  suipiiuretted  hydro- 

fen  With  coal  gas  must  prevent  its  general  introduction  into 
ouses,  as  the  sulphurous  acid  gas,  which  is  given  out  during  its 
combustion,  would  prove  very  annoying  w  a  confined  room,, 
besides  which,  from  the  consumptioD  of  so  much  lai'gei'  a  portion 
of  coal  than  oil  gas  to  produce  the  same  light^  a  gimater  quantity 
of  moisture  is  generated^  Siad  much  more  ineat  is  given  out. 

From  the  abdve  istatement,  it  is  very  evident  t£at  the  smaller 
bulk  and  greater  purity  of  oil  gas  will  allow  of  its  eojdoymenitia 
dwelling  houses  without  its  producing  the  kast  iofionwenieiice^ 
If  the  pipes  are  well  fitted  together  and  properly  proViftd  before  the 
gas  is  aamiited  into  them^  no  aonoyanoe  whatsoever  need  be 
appreheoded ;  and  if  a  cock  should  be  accidciilaUy  left  open, 
and  the  gas  allowed  to  escape^  it  may  be  imanediatidy  remedied 
SRtthotit  feaviag  so  unpleasant  a  smell  as  that  ansiug  from  the 
4ttmilar  escape  of  coal  gas. 

When  any  new  improveiuciit  is  iutroductd,  we  are  too  apt  to 
place  any  possible  iiioonveuience  that  may  result  from  it  in  an 
exaggerated  point  of  view,  and  wholly  to  overlook  those  we  are 
labouring  under,  ar.d  which  it  is  intend  id  to  supersede.  Thus 
the  only  possible  inconvenience  that  can  re  sult  trom  the  use  of  oil 
gas  is  that  which  1  have  before  mentioned,  an  accidental  smell  from 
carelessness,  instantly  detected,  and  as  instantly  «emedi«d — aa 
inconvenience  to  which  we  are  equally  liable  in  oiifpresent^mode 
of  lighting,  in  addition  ito  which  there  is  the  troabks  of  .tismmiBg 
theiaiBpa,  the  fikanoe  of  jspiUingih^  oil,  Jiot.a  verytiofssqaMt 
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locenrrence^  and  many  other  disasters  both  in  the  use  of  oH 
end  candles,  from  all  of  which  gas  is  exempted  ;  and  when  the 
prejudice  arising  from  the  use  of  coal  gas  is  once  remov^^  and 
the  greater  advantages  of  oil  gas  generally  known,  there  is  no 
doubt  its  great  convenience,  superior  brilliancy,  aad  cheapness^ 
«iili  cause- it  .10  supersede  all  other  modes  of  lightings  and  Defoie 
long,  its  universal  introduction  intotlwelling  houses  niay  .be  cott 
Mently  rehed  upon. 

The  second  point  for  consideration  is  the  oomparotive  iaciiiigf^ 
with  which  a  coal  or  oil  gas  establishment  may  be  carried  on* 
The  process  for  producing  gas  from  oil  isTery.simple.  The  appib- 
istus'is  easily  managed,  and  consisls  of  an  iron  -retort  heatai 
over  a  fire :  a  vecy  tew  days'  experience  will  teach  a  commott 
working  man  how  to  regulate  the  heat.  This  retort  is  connected 
fcy  a  tube  with  the  oil  cistern,  from  which  a  small  drop  of  oil 
passes  into  it.  The  quantity  is  regulated  by  a  graduated  cock; 
there  it  is  decomposed  and  converted  into  gas.  Tliis  passes 
through  another  tube  at  the  other  extrt  imty  of  the  retort  intom 
condensino^  vessel,  where,  by  a  simple  contrivance,  the  oil  that  is 
only  volatilized  returns  bark  into  the  oil  cistern  ;  the  gas  is  then 
conveyed  into  a  wash  vessel,  where  it  passes  through  water  to 
deposit  any  oil,  or  other  condensibic  vapour,  that  may  iiave  come 
over  with  it,  .andirom  thence  it  is  conducted  into  the  gasometer 
jbr  use. 

CSoal  gas  is  produced  by  putting  a  certain  quantity  of  coal  in 
401  mm  tertort  placed  over  a  fire.   The  coal  is  decomposed ;  the 
fas  passes  over  into  a  large,  vessel,  where  it  deposits  its  tar  and 
tmmoniacal  liquor ;  it  is  then  conveyed  through  a  mixture  of 
.^e  and  water  to  deprine  it  of  tlie  sulphuretted  hydrogen  whidi 
h  mifsed  with  it,  a  most  trottblesome  and  offensive  operation : 
iAsr  this,  H  is  passad  through  water,  whet e  it  is  more  emctua% 
'Wished,  and  &om  thence  it  is  transmitted  into  the  ^ometer. 
"Theee  are  the  procefsses  required  for  producing  the  od  and  coal 
^as ;  but  :we  shdl  better  naderstand  the  .trouble  attendant  on  due 
Matter  by  m  consparatire  view  of  two  estftblishmeobs  for  a  thousand 
fights  each,  one  for  oil,  and  the  other  for  coal  gas,  each  light 
consuming  annually,  upon  ;ai  average,  2000  cube;  Icctnfoil  gas, 
and  70uO  cube  feet  olCual  gas.    The  whole  annual  cuiisuLiipuoa 
of  the  one  would  be  2,U  JO,0'UO,  of  the  other  7,0UD,000  cube  i  eet. 
The  qitamtity  of  light  required  in  winter  is  of  course  much  greater 
than  in  summer,  and  either  establi^^hment  must  be  made  upon  tt 
*cale  to  meet  the  demand  that  may  be  necessary  on  the  shortest 
days.    The  fortnight  before  and  after  Christmas,  or  about  that 
tiffie,  may  be  taken  as  the  month  of  the  greatest  consumption  ; 
and  we  may  assamie  that  during  this  nion&,  neaily  one-fourth  of 
the  whole  quantky  would  be  required.   1  may  mistake  in  this 
estimate,  but  it  can  be  of  no  consequence,  as  it  will  equally  ajiply 
to  both  establishments.   The  average  quantity  of  oil  gas  required 
would  be,  during  that  time,  nomewfaat  above  16,000  cube  feet 
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|)€r  night,  and  56,000  of  coal  gas.  To  produce  that  quantity  of 
•the  former,  eight  or  10  retorts  would  be  sufficient,  each  retort 
•six  feet  \on^,  and  six  inches  diameter.  One  of  this  duncnsion 
would,  if  necessary,  produce  3000  feet  per  day,  but  it  is  found 
more  advisable  uot  to  work  them  to  their  full  extent,  and  always 
to  have  some  in  reserve.  One  gasometer  containing  12,000  cube 
feet/  or  two  of  61>U0  each^  would  be  required.  The  oil  cistern, 
the  condenser,  and  wash  vessel,  are  so  constructed  as  to  occupy 
i>ut.veiy  little  space,  the  condenser  being  over  the  cistern,  and 
the  wash  vessel  under  it,  the  gasometer  occupying  by  far  the 
largest  portion  of  room.  From  the  repeated  tnals  in  various  oil 
gas  estaDlishmeiits^  it  has  been  ascertained  that  10  gallons  of  oil 
produce  1000  cube  feet  of  gas,  and  require  one  bushel  of  coals 
for  decomposition :  2,000,000  feet  of  oil  gas,  therefore,  would 
require  20,000  gallons  of  oil,  weighing  between  78  and  79  tons, 
4md  74  tons  of  coal ;  so  that  about  163  tons  of  materials  would 
be  annually  wanted  in  this  estabhshment,  all  of  which  would  be 
KJonsunied,  or  converted  into  gas. 

In  the  coal  gas  works,  40  retorts  at  least  would  be  required.* 
Each  retort  is  six  feet  long^,  and  one  foot  in  diunieter,  and  would 
be  charged  with  two  bushels  of  coals,  which  quantity  would 
require  eight  hours  for  decomposition.  At  the  end  of  this  time, 
the  coke  would  be  removed,  and  fresh  coals  put  in.  The  above- 
mentioned  quantity  of  coals  would  give  out  otiO  cube  feet  of  gas, 
estimating  10,000  cube  feet  for  every  chaldron.  The  utmost 
quantity  of  gas  which  one  retort  could  produce  would  be  1680 
H)ttbe  feet,  working  night  and  day  without  intermission  :  34  is  the 
number  actually  necessary ;  but  in  an  establishment  hke  this, 
the  wear  and  tear  would  always  be  requiring  some  to  be 
replaced,  I  have,  therefore,  taken  the  number  at  40.  The  vessel 
to  receive  the  condensed  tar,  oil,  and  ammoniacal  liquor,  must 
be  of  considerable  size,  as  also  those  for  burning  the  gas,  and 
for  washing  it.  One  gasometer  of  40,000  cubic  feet,  or  two  of 
20,000  each,  would  be  scarcely  sufficient.  To  produce  7,000,000 
cube  feet  of  coal  gas  would  require  700  chaldron  of  coals,  and 
175  for  carbonisation,  weighing  altogether  1,181  tons,  besides 
-50  tons  of  lime  for  purifying. 

In  a  coal  gas  establishment  there  will  be  a  conveyance 
required  lor  1230  toils  of  liiateiidls,  the  greater  part  of  which  are 
retuni  ible  in  bulky  articles,  such  as  coke,  tar,  ammoni.ical 
liquor,  for  each  of  which  a  market  must  be  found,  as  the  greater 
part  of  our  estimated  profit  is  derivable  from  them  ;  and  of  the 
two  latter  articles,  the  product  is  already  so  great  as  very  far  to 
excefjd  any  possible  demand  for  them:  so  that  a  further  convey- 
ance IS  required  for  more  than  three-fourths  of  the  above  esti- 
mated materials,  and  large  premises  and  reservoirs  to  contain 
them  till  disposed  of.   Added  to  these,  there  is  produced  a  veiy 

*  SaePednfonoiGMij^ti.  -  ^- 
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laree  quantity  of  hydrosulphuret  of  lime,  which  is  extremely 
odmisive  and  quite  useless.  In  the  oil  gas  establishment,  the 
conveyance  of  153  tons  of  materials  is  all  that  is  required,  the 
whole  of  which  is  consumed,  and  the  entire  profit  derived  from 
one  product  only,  and  that  the  sole  object  of  manufacture. 
"  From  the  above  investigation,  it  is  clear  that  on  this  point 
also  the  oil  gas  must  be  infinitely  preferable  as  deriving  its  profit 
from  the  consumption  of  materials  of  small  bulk,  and  the  product 
being  only  one  article  readily  dis|)osed  oi".  It  is,  therefore,  L 
think,  evident,  that  sucli  cui  estabUshment  must  be  carried  on 
with  much  less  trouble  tlian  where  the  materials  are  extremely 
bulky,  and  the  profits  derivable  from  various  articles,  some  of 
which  are  disposed  of  with  difficultv,  and  are  too-ether  almost  as 
bulky  as  those  irom  which  they  were  ongmaliy  produced. 

From  the  foregoing  statements,  it  must  clearly  appear  that  the 
capital  required  for  the  establishment  of  an  oil  gas  work  must  be 
considerably  less  than  would  be  necessary  for  one  of  coal  gas. 
The  fewer  retorts,  the  smaller  size  of  the  gasometers  and  convey-- 
snce  pipes,  the  much  greater  simplicity,  and  consequently  cheap- 
ness of  the  apparatus,  together  with  the  very  little  labour 
and  superintendeace  required  in  works  even  upon  a  very  lam 
scale,  prove  clearly,  and  without  any  further  comment,  tnat  the 
capital  requisite  in  the  one  will,  as  already  mentioned,  bear  no 
proportion  to  that  necessary  in  the  other.  This  is  an  object  of 
some  consequence  to  those  eiubarking  in  such  an  undertaking, 
as  the  risk  of  loss  in  case  of  failure  is  comparatively  small,  and 
consequently  less  difficulty  will  be  found  in  forming  an  oil  than 
a  coal  gas  establishment. 

'  The  next  subject  for  consideration  is  which  is  the  more  eco- 
nomical method  /  and  it  may  appear  surprising  to  many  that 
light  from  oil  gas  can  be  afforded  to  the  consumer  as  cheap  as 
that  from  coal,  and  at  the  same  time  yield  as  great  or  greater 
profit  to  the  Company  supplying  it*  This  is,  however,  the  case, 
though  we  have  not  such  satisfactory  data  to  go  upon  as  to  make, 
it  clearly  demonstrable,  from  being  unable  to  ascertain  what  the 

{vofits  of  the  Coal  Gas  Companies  really  are,  and  which  can  only 
e  assumed  from  the  known  dividends  which  are  made  upon 
their  shares.  The  difficulty  of  calculating  profits  must  always 
be  increased  when  they  are  derivable  from  an  average  of  various 
Wticles,  for  some  of  which  there  is  a  fluctuatins:  demand,  and 
which,  from  their  increased  production,  are  likely  to  diminish  in 
talue.  From  some  known  data,  it  is  supposed  that  the  cost  of 
coal  ffas  to  the  Companies,  reckoning  the  sale  of  coke,  tar,  &c. 
would  be  about  10s.  per  1000  cube  feet;  the  selling  price  is  esti- 
iiiated  at  the  rate  of  15s.* :  it  may  be  more^  but  is  certainly  not 

*  StRce  writing  the  above,  I  have  been  infdtnied,  on  g(K>d  antkority,  that  in  some  of 
^  immjxcial  cides  and  towns,  the  selling  price  of  coal  gas  is  estimated  much  higher 
^'^^^'•P^lOOOeBlMiftaC  .  TUiii,«aitiiiqrlMCipoM«  gar  Aouid tlw mp^y  of 
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liDis  than  that.  This  would  sive  them  a  proiit  of  50  percent., 
upon  their  capital.  The  highest  return  quoted,  which  is  of  the^ 
Biistol  Gas  Works>  is  but  10  per  oent. ;  and  the  chartered  Cow^ 
ftnjr  in  London,  whioh  poMesses  advantages* superior  to  any^ 
only  divides  eight  per  cent.  U  is  difficult  to  aoooiHit  for  thiS'^ 
but  on  the  supposition  that  the  making  of  the  gas  must  coat 
tbdm  muoh  more»  or  that  there  must  be  some  mismanegementi. 
or  considemble  waste.  We  will,  however,,  assume  tfaat  it  onhff 
dostfr  lOs.per  1000  cube  feet. 

The  piont  and  loss  aocount  of  an  oil  gas  eslaUishment  ms^  }M 
ecdottiated  very  easily.  Ten  galloDS  of  oil  will  prodiiee*  \<XMf 
6ubic  feet:  this  may  be  considered  the  average  quantity,  and^ 
ti^en  from  the  result  of  various  trials  where  oil  gas  is  used.  Oil 
suitable  for  the  pui  po^e  may  be  sow  procured  tor  20/.  per  toni- 
but  as  the  price  of  oil  at  present  is  very  low,  and  may  not  be  con- 
sidered a  fair  averpge,  ive  will  take  it  at  26/.  per  ton.  or  about  25. 
per  <j:allon.  The  cost  then  for  producing  1000  cube  feet  oil 
gas  Will  be  as  follows^ : 

10  gallons  of  oil  at  2#;  per  gallon  1    0  0 

1  bushel  of  coals  0    1  6 

£aboory  wear  itnd'teary  and  contingencies.  • .  0  5  6 

i   7  0 

At  the  present  price  of  oil,  the  cost  would  be  mucli  less^ 
Should  oil  advance  beyond  the  sum  at  which  1  have  averaged  it,, 
it  will  be  of  course  greater;  it  may  also  be  thought  that  1  hav& 
underrated  the  expenses  of  wear  and  tear,  labour,  and  contin- 
gencies ;  but  the  estimate  is  founded  upon  the  data  afforded-  b¥ 
works  upon  a  small  scale,  and  their  expences  generally  excend; 
diose  of  a  larger  description.  Further,  to  meet  those  objecltons^ 
I  will  take  the  cost  of  1000  cube  feet  at  30^. :  this  is  equivaieat 
ix>  3,600  cube  feet  of  coal  gas,  which  at  10^.  per  1000  will  cost* 
giving,  a  balance  in  favour  of  oil  gas  of  bs*,  upon  those  pncM 
j^rtionate  qmntities. 

In  enumerating  the  advantages  of  oil  gas  overcoal^  itmay.noi 
fte  irrelevant  to  consider  it  in  a  national  point  of  view,  as  a  nuiu 
aery-  for  our  seamen  i  supposing  in  every  other  respect  the  balan^ 
of  advantages  to  be  equal^  this  would  give  the  oil  gas  a  decided 
preference.  I  am  aware  that  this  advantage  may  be  purchased 
too  dearly,  and  that  when  coal  gas  was  first  introduced,  its  greatr 
superiority  over  otlier  modesi  of  lightin*^  made  it  desirable  that 
the  benefit  resulting  from  the  fishenes  siiouid  m  a  degree  \m 
selinquished,  but  now  that  other  ckcumstances  concur  m  mabi* 


iki  adtHjuate- mcTe«»tti  demaYid  fr>reolcis,  t««,  A'a^wpTicf^cif  the^^aa  w!HTiTO"rliile  thsit'of 
ll»  iiitter  snicks  wiil  laii^  and  the  \om  t^tittosned  u^n  ihott«  mtkXcs  mim  be  maio  nqpiSf 
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ing  the  use  of  oil  preferable,  there  can  be  no  doubt  of  th© 
pro[)riety  of  considering  tkm  as  au.  additional  motive  for  prefer-- 
ring  oil  gas. 

It  has  b<ien  sug^sted  by  some  intellig^iit^geiitlemeny  whether^ 
if  the  use  of  oil  gas  should  becowe  very  gen^l,  the  supply  of 
oil  would  be  adequate  to  the  demand ;  and  whether,  from  the 
iacreaMddemaiMl^  ttoj^iiee  weuld  not  be  cicmsiderah^etilNUiced. 
When  coal  zd»  was  introduced,  the  demtnd  for  oil  was  dtmi^ 
aittheil ;  mS  ikm  oanital  employed  rn  that  trttdk*  w«8  dvrettiNl 
into  cptber  diaamieiB  lor  the  supply  ol  the  coal-gtts*  If  19  vmjf 
dear  tfaaitshovid  oil  gas  bscoraer  gsaevilljf  «dopled|  paii  ef  dua 
eapkal  will  agaii^  revsvt  t»  tto  Ibnaer  emptoyment  as  lar  as^  if 
siqpevaedes  eoal  gas ;  bat  where  it  only  disnlaees  lamps,  M 
ehange  will  ifssoef  ^  aial  whare  il  is  saftttitafed  for  candles^  ih^ 
ase  of  talkm  wilt  be  rxehanged)  for  thair  of  oil^  ^ 
.  After  perusing  the  torep;oing  observations  upon  the  comparar* 
tive  advantages  of  oil  and  coal  gas,  and  which  1  have  endea-* 
Toured  fairly  to  state,  I  think  it  will  be  genertilly  inferred  that 
the  fornaer  is  greatly  preferable  to  the  latter;  that  on  every  point 
la  which  I  have  exumuied  them,  it  has  the  advantage  ;  that  it  ia 
much  purer  and  better  adapted  for  even/  purpose  of  lighting  j 
that  it  is  piepared  with  much  greater  facility;  that  it  requires 
much  less  capital  to  estabhsh  works  ;  that  it  may  be  produced 
more  economically;  and  that  it  is  also  more  advaata^owiu  M 
aadonal  point  of  view. 

I  feel  some  reluctanee  in  offeving  tliis  papef  to  you^  for  insert 
ik»  in  the  Antmla^  0/  Fkiks^pkf,  as  the  snbject  of  it  caiMMba^ 
asasidered  as  pure^  aeiealillc  ;  but  as  the  abj^et'  of  scielMa  ia 
to  add  to  and  improve  our  comforts  and  enjoymentSy  ifta^ay  nai 
W-  wfaoHjr  foraigii'  to^  yoaf  object  to  point  oal  wliai  saiantifiG 
H&piwaiiieatb  are  iifiM€  litecfy  FvamtllaaaBiemiyciaii  ' 

i  mijghtalsot  be  detiemdf  from  subsarftiBg*  mfname,  bat  the  baMi 
supposition  thi^  you,  or  year  readcrS)  shMtd^  for  m  mcmmsi^  aaak 
eeive  that  the  writer  of  this  was  inAienead  by  iaterastsd  itieti«W 
ia  seeking  publicity  to  it,  woald  kvidaa-  mt  to  dVateMM  mtryi 
feehng  of  reluctance  on  that  head.  !  trust  my  nam«r  wilt  ba^  • 
tJuflicient  guarantee  that  1  liave  no  other  motive  for  pablisbiii|p 
this  than  that  which  every  one  interested  in  scientitic  improve^* 
mer  ts,  and  their  adaptation  to  the  uses  and  comforts  of  society, 
XBustfeeL 
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Article  XII. 

Qn     peculiar  Substance  obtained  during  the  Disiiliation  oj 

Nitric  Acid*   By  M.  Julin,  of  Abo. 

I  HAVE  observed  during  the  distillation  of  nitric  acid  from  a  mix- 
ture of  crude  nitre  with  calcined  sulphate  of  iron,  that  when  a 
peculiar  kind  of  the  calcined  v  itriol  (known  in  Sweden  under  the 
nanie  of  calcined  aquafortis  vitriol,  No.  3*)  was  used,  the  first 
conducting  tube  +  was  lined  with  a  yellow  substance,  which 
proved  to  be  sulphur ;  the  second  tube  became  internally 
covered  with  fine  white  feathery  crystals,  nearly  resembling  the 
icy  film  foitned  upon  windows  on  a  cold  winter  morning.  1  col-  < 
lected  this  substance  by  washing  the  tube  with  water ;  the  > 
quantity  obtained  by  each  distillation  was  exceedingly  small, 
amounting  to  only  a  few  grains.  This  substance  is  white,  consist^ 
of  small  fibres,  which  adhere  to  each  other,  and  it  feels  soft  to  the 
touch  \  it  sinks  slowly  in  water,  and  is  insoluble  in  it,  whether 
eold'or  bmling,  bat  the  vapour  of  boiling  water  carries  up  a  sdmU: 
portion  of  it. 

•  It  is  tasteless,  but  has  a  very  peculiar  smeU,  which  I  haw 
iome  difficulty  in  comparing  with  any  other  substance,  but  it 
soolewhat  resembles  that  of  spermaceti.  Muriatic  acid  does  not 

act  upon  it ;  nor  does  nitric  acid  of  specific  gravity  145,  but  the 
acid,  after  having  boiled  with  it,  showed  some  slight  traces  of 
sulphuric  acid  on  the  additioii  (jf  nitrate  of"  baryles.  When 
boiled  in  concentrated  suiphunc  acid,  it  sublimed  through  il 
unchanged. 

A  strong  solution  of  caustic  potash  dissolved  a  very  inconsi- 
derable portion  of  it,  and  gave  with  acetic  acid  a  trifling  precipi- 
tate, which  was  too  small  to  be  examined,  excepting  as  to 
colour,  and  from  this  and  a  slight  smell  of  sulphuretted  hydrogen 
gas,  I  judged  it  to  be  sulphur. 

Oil  of  turpentine  dissolves  it  easily,  when  heated.  On  cool- 
ing, a  ^reat  part  cryst  ilhzes  in  small  needles;  it  also  dissolves 
easil3r  m  boiling  alcohpl  of  0-816.  On  cooling,  the  greater 
part  is  deposited  in  crystalUne  fibres,  but  a  small  portion  re-* 
mains  dissolved  ;  for  the  solution,  on  being  poured  into  water, 
lenders  it  turbid.  The  alcohohc  solution,  when  distilled  wilh  a 
gentle  ;heat,  left  the  greatest  part  of  this  substance  in  the  retort, 
out  the  distilled  alcohol  still  retained  enough  to  render  water 
turbid  by  precipitation. 

•  Thbvittiol  crnlalltiei  in  thcvmter  of  the  niiM    Fahlun,  and  rcllMtiij  Aom  A* 
Tocic  t.her  the  wat«riitt  htuk  pomped  <mt,  it  is  impaie,  and  contains  gOMnUy  ••autt  \ 

portion  oi'  riks. 

t        iiutillatioQ  is  carried  on  in  an  iron  retort,  with  a  recoTer  connected  by  gi** 
istaiiD  dM  nMnncrofa  W«nlfe*a  apparatna. 
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Held  in  the  flame  of  a  lamp,  it  burned  with  a  greenish-blue 
flame,  giving  a  sliffht  sioell  oi  oxyiiiurialic  gas ;  and  vvhea 
heated  iu  a  glass  tube,  it  melted,  boiled,  and  sublimed  ia 
needles,  at  a  heat  between  350**  or  400°,  and  it  sublimed  slowly, 
in  long  needles  without  melting  at  a  heat  of  about  260°. 

Potassium  burned  with  a  vivid  fiame  in  its  vapour  in  an  open 
tube  ;  a  great  quantity  of  carbon  was  deposited,  and  water 
poured  upon  it  gave,  after  satuiatioa  with  nitric  acid,  a  copious 
precipitate  with  nitrate  of  silver. 

The  smakU  quantity  which  I  have  as  yet  obtained  of  this  suIk 
stance,  and  want  of  leisure,  have  prevented  me  from  making 
more  experiments  upon  it ;  but  I  purpose  doin^  it  as  soon  as  the. 
one  and  the  other  are  more  at  my  disposal :  tiU  then,  I  suspend. 
fiNrming  any  opinion  of  its  composition.  In  some  respects,  it 
leems  to  resemble  the  perchloride  of  carbon  which  Mr.  JParadayr 
has  lately  succeeded  m  producing,  and  has  so  ingeuiousily. 
ftzamined* 

It  IS  rather  strange  that  sulphur  should  sublime  unaltered  in 
the  van  our  of  nitric  acid,  as  I  have  mentioned  to  occur  in  the 
case  of  this  distillation  of  nitric  acid,  but  it  is  really  the  fact,, 
and  may  be  accounted  for  by  want  of  water  for  the  sulphuric 
acid  to  combine  with.''^ 


merits  on  the  nf,ove  described  Substance,    Ry  R.  Phillips, 
FRSE.  8cc.  and  M.  Faraday,  Chemical  Assistant  at  the  Royal. 
Institution.  r 

In  order  to  purify  this  substance,  a  small  qnantijty  of  it  was, 
]»88cfd  in  a  state  or  vapour  over  hot  lime.   By  this  operation,  a 
little  sulphur,  muriatic  acid,  and  other  impurities,  were  separated., 
The  pure  substance  obtained  was  dried  over  sulphuric  acid  in  the 
receiver  of  the  air-pump,  and  it  had  then  a  white  crystalline, 
appearance;  by  subjecting  it  to  heat,  it  was  volatilued,  aud^  / 
then  condensed,  in  beautiful  acicular  crystals. 

In  the  substance  thus  puntied,  there  remained  no  traces  either 
of  chlorine  or  sulphur,  as  described  by  M.  JuUn,  and  it  exhibited  , 
the  following;  properties  :  It  burned  with  a  strono^  bright  flame  ;  .- 
St  a  heat  below  redness,  it  sublimed  without  undergoing  any 
change  ;  when  parsed  through  a  red-hot  green  glass  tube,  there 
was  a  sUght  appearance  of  decomposition,  a  small  quantity  0!f , 
chfurcoalbeiiig.  deposited,  and  the  substance  became  brown,  but . 

*  <^Ui  depMtnM  Ibr  ibt  GoaliMBt,  M.  J«iiiip  kft  Um  abm  aeeount,  and  abs . 

Mne  of  the  nibetance  which  he  has  d^ribed,  in  Uie  lumds  of  tliie  Editor,  with  permii* 
to  make  use  of  both  as  he  wislied     From  the  circumstance  mentioned  by  M.  Julin 
^ita  appearin;^  tn  resemble  the  perchloride  of  carbon,  the  substance  in  question  was 
to  I^i.  i;  aradaj,  aad  with  his  aaiiatancc  the  additional  experiments  now  detciibed  > 
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it  Qgyiftilliii'd  wni  appoanid  to  haw  Mftml  ImCuBtlh  ehMge ;  it 

f|f»8  soluble  in  alcohol  and  ether,  as  described  hy  M.  Julin. 

A  portion  was  repeatecily  sublimed  la  a  small  retort  tilU'd  witb 
chlorine,  which  was  in  several  parts  made  red-hot,  bat  even  at 
this  high  temperature,  itsuti'ered  no  change  by  the  action  of  the 
chionne,  and  when  left  to  cool,  it  reappeared  in  its  original  state 
of  small  white  crystals  ;  a  minute  portion  was  raised  in  vapour 
over  mercury,  mixed  with  oxygen  gas,  and  detonated  by  thtA 
dectric  spark ;  no  charcoal  was  separated,  and  we  found  tiiat  am 
wmWMiQi  oxfgm  had  been  employed.  The  volume  of  residual 
fgm^BB  precisely  equal  to  that.  q£  the  taygsa  emploved.  Tbm 

Cexceptiag  a  small  portion  of  pure  oxygen,  wa»  morbed-bipi 
<  water»  in  wbieh  it  eaoaed  a  white  precipitate,  and  eoow 
gently  it  appeaved  to  be  cariMnric  aidd  gas;  TMs  eaipsiiiamf 
wawee^ral-tiiises'  repealed  with  simihur  reseito* 

A  email  cinentit^^  of  this  flubstaaov  was  passed  in  mpom*  oeeir 
red-hot  peroxide  of  copper ;  a  considerable  portion  was  vola^ 
lized  without  being  decomposed  ;  the  gas  obtained  from  that 
part  which  nufiered  decomposition  possessed  the  characters  ef 
oaFbonic  acid. 

The  very  minute  quantity  of  the  substance  which  remainott 
prevented  any  further  attemp  to  examine  its  nature;  and  tlie* 
knowledge  we  have  of  the  mode  and  circumstances  of  its  forouu 
tion  has  not  been  sufficient  to  enable  us  to  form  it. 
•  Althoagh  it  wonld  be  premature  to*  give  a  stimg  apinmies 
ttrthe*  isaHire  oi  this  substance,  yet  the  stnhing"  pesuliantiesit 
presents  with  heat,  chlorine,  and  oxygen,  have  madeee  anxioua 
to  form  some  idea  of  its  composition.  We  are  acq^uainted  with  no 
dmipeond  of  hydmg^  that  would  pteeeat  simrfar  phenotdew 
Hhed-  Heated  in  chlorine  gas,  nor  do  any  of  the'  eeespoundi^ 
OMitMNi  eexhihit  the  same  resalte  with- oxygen  gas. 

The  substance  in  question  may  possibly  be  a  cotnponnd  of 
csorbon  with  oxyy,en  and  liydrogen,  m  the  proportions  require# 
to  form  water,  and  the  circumstance  of  there  being  change  of 
volume  on  detonation  with  oxygen  gas,  might,  on  this  suppoei* 
tk>n,  be  aceoiuited  for;  but  it  is  difficult  to* suppose  that  such  a 
compttund  would  pass  through  a  red-hot  tube,  or  snflfer  expOSUSW 
tea'  red  heat  on  chlorine  gas  without  deoomposition. 

It  may  be  allowed  us  to  remark,  in  the  uncertainty  which  w«» 
feel  respecting; the  nataise-of  this  substance,  that  the'appearaneeg^ 
which  it  presefiHi^would  agree  with  the  id^  ef  its  being  areieapll 
ha4iff  in-  thie  eaee^  it  may  be  lattlee  w^new  fonn-efi  eaYbon^  entF 
peculiar  substance  analogous  to  carbon;   We  ventuie,  howcTer^ 
thaiy  tdeap/withMl  putliiig  anytueiduaaurifc  thMK.  Wanaiii 
tiriir hepes    Beiog^  able^ttf  proeufe^  wxn  of  itieFetMQHioev 
Hu  slian  thea  examme  il5s  properties  witS  nrmite  attenl«Mv  ^"i^ 
ttfc till iwii II  ^-  the-  characters  of  the  pvodiMUfr  whiciL  it  giiFes  by  deto*^ 
nation  and  other  modes  of  treatment. 
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Article  XIII. 

Researches  on  the  Composilion  of  the  Pmsndte^,  or  JerrvginouM 
.  Uifftroei^nate*.    By  J.  Bei-zelius.   (FnHfr  ^  Amiale»  de 
€aimte>  toI.  xv.  p*  144,  New  Scries,)* 

The  discoveiy  of  cyanogen  and  of  the  composition  of  hydn>^ 
cyanic  acid,  which  we  owe  to  the  genius  of  H..Gay-Lussac»  is 
certainly  one  of  the  most  interesting  that  has>  been  made  in  oar 
time,  paitioiileriy  since  this  acid  is  found  on  the  confines 
between  those  combinations  which  have  an  orc^anic  orisfin,  and 
those  whose  origin  is  purely  inorganic.  The  coiiipari.sua  ot  cya- 
nogen with  those  bodies,  which  become  acids  by  their  combina- 
tion with  hydrogen,  has  sitn  pi  I  tied  the  theory  of  hydrocyanic  acid^ 
Jttid  of  the  phenomena  prodiicLii  by  itsdecomposilion  ;  but  nevei^ 
theless,  the  researches  subsequent  to  those  of  M.  Gav-Lussae^ 
whose  object  was  to  throw  more  hght  on  the  subject,  have  by 
no  means  been  made  with  sufficient  care,  fuliy  to  explain'  tho' 
mture  of  the  saIi»  called,  fermginous  iiydroeyaiiatea^  the  m#0l^ 
iaspoftaat  of  the*  combiimtions  of  hydf o<qfmoie  aeid. 

We.ovv^.a  multitude  of  important  observations  on  the  notim' 
otihsAiE  nails  to  Mr.  Porrett^  He  fomA  thsrtl  the  hfciroeyanate^ 
mm-  cembkie'  with  suijphiir,  foratng  ar  psvlieiite  anidy  wbsirtM 
eMtence,  and  soim  or  its  proptfties,  wave  kiiowar  bifeve ;  buff> 
iftwhali tbrdiftrenwbetweeiidMs  and  hydroeyanicr 
lists  was  far  from  being*  suspected..   Mr.  Pbn^t  was  led,  mores** 
Cfrer,  to  conclude  iVoui  his  expernnent,  that  the  iron  which  e'nteT#- 
into  the  coaiposition  of  the  ferrugnious  hydrocyanates,  does  uot^ 
exist  in  them  iathe  state  of  oxide,  but  in  its  metallic  form  com- 
bined wiUi  the  carbon,  hydrof]^en,  and  azote;  and  thai  it  is,  con-- 
sequentiv,  one  of  the  elements  of  the  acid  in  which  the  iron* 
pbys  an  analogous  part  to  that  of  the  sulphur  in  the  preceding 
c<$*npounds;  and,  therefore,  an  idea  of  the  hydrocyanate*  being* 
salts  with  two  baseSy  ot  whrch-oACide  of  iri)n  is  always  one,  ii^* 
iflconect.    Several  memoim^have  been  published  on  Ihist  subject 
by  Mr.  Porretu  in  Thooiso&'s  AMmmi$^  the  prineipal  testdts  e# 
iiiiiehLshttlidttaiL 
H«  at  fifst^fouad^  &iii^i|iMua»>  bpfcqoywwm  of  ps^ush^  wm^ 
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Potash   39-34  • 
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Hydrocyanic  acid  11 

Hydrocyanate  of  protoxide  of  icon  38 

Potarfi  39 

Water  12 


Thomson,  who  adopted  Porrett's  idea  of  the  value  of  the  fer- 
ruginous hydrocyanic  acid,  examined  the  composition  of  hydro- 
cyanate of  potash,  and  obtained  from  it  the  following  results : 

te:::::ioT}  ^^-^o* 

Potash  41*64 

Water   13-00 

Dr.  Thomsom  states  that  during  the  decomposition  of  this  salt 

by  another  acid,  a  portion  of  the  hydrocyanate  of  iron  is  volati-; 
lized  with  such  rapidity  that  when  he  poured  nitric  acid  on  the 
pulverized^  hydrocyanate,  the  acid  in  the  flask  from  which  he 

B»ured  it  was  coloured  blue  by  the  volatilized  prussiate  of  iron, 
r.  Thomson  endeavoured  to  analyze  the  acid,  by  burning  the 
SjeJt  with  base  of  potash  in  the  oxide  of  copper  in  a  tube  of  the 
same  metal.  Five  grains  of  the  crystallized  salt  gave  6*205  cubic . 
inches  of  carbonic  acid  gas,  and  2'*42  cubic  inches  of  azote,  with 
2*2  grs.  of"  water,  0-65  gr.  of  which  were  derived  from  the  water 
ot  crystallization  of  the  salt.  This  experiment  gave  2^  volumes 
of  carbonic  acid  gas  for  one  volume  of  azote,  exclusive  of  the 
carbonic  acid  retained  \)y  the  alkali,  of  which  no  account  was 
taken,  nor,  as  far  as  appears,  any  deduction  made,  for  the  atruo- 
spheric  ncid  contained  in  the  apparatus  at  the  beguiuing  of  the 
expermieiit. 

i)r  1  honison  concludes  from  it,  that  the  acid  of  these  salts 
contams,  besides  the  iron,  the  same  elements,  and  m  the  same 
proportion  as  the  hydrocyanic  acid,  because  he  supposes  that 
one  fourth  of  the  volume  of  carbonic  acid  gas,  that  he  found  in 
excess,  VDk\'^\\.  be  an  error  of  observation,  and  that  the  quantity 
of  water,  which  is  four  times  greater  than  the  quantity  admitted 
hy  this  supposition,  was  derived  from  the  corks  with  which  the 
opening  of  the  copper  tube  was  closed,  so  that  its  hvgrometrical. 
water  might  have  mixed  with  the  products  of  the  analysis. 
However  when  Thomson  made  his  calculations  from  the  results, 
and  distilled  the  carbon  and  hydrogen,  which  did  not  coincida' 
with  the  theory,  the  weight  of^  the  iron  did  not  accofd  with  the 
chemical  proportions.  ^'  This,'*  he  says,  is  the  first  compound 
which  I  have  met  with  that  does  not  seem  reconcileable  to  the 
atomic  theory.  1  invite  chemists  to  tiie  further  invesligatioii  of 
it.  Til  ere  are  no  iacts  so  likely  to  lead  to  the  improvement  of 
the  science  of  chemistry  as  those  which  contradict  our  received 

•  SoiniUAndu 


Digitized  by  Google 


1821.]  the  Coiajfwikm     Srumatu.  ,  ^ 

opinions/'*  to  which  it  appears  to  me  he  should  have  added, 
**  with  the  exception  of  those  caists  m  which  tlie  discordance  is 
the  result  of  an  ill-made,  incorrect  experiment,"  whenever  the 
science  derives  a  truly  negative  advantage. 

Mr.  Porrett  also  soon  endeavoured  to  prove  Thomson's  analy- 
sis inaccurate.  He,  on  this  occasion,  anal v zed  the  salt  of 
potash  by  a  solution  of  tartaric  acid  in  alcohol,  iind  determined 
the  quantity  of  potash  by  the  supertartrate  of  potaa^h  produced* 
The  following  is  the  result  of  his  analysis : 

Ferruginous  hydrocyanic  acid  50*93 

Potash  35-48 

^  Water  13 

He  had  found  that  the  ferruginous  prussic  acid  mi^htbeinsii-  > 
lated  by  this  operation,  and  that  it  gave  cubic  crystds  by  spon* 
taneouft  evaporation.    In  ah  analysis  of  this  salt  by  oxide  of 

copper,  he  obtained  four  volumes  of  carbonic  acid  gas  for  one  of 

azote ;  whence  he  concluded  that  the  acid  is  composed  of  one 
atom  of  azote,  four  atoms  of  carbon,  one  atom  of  iiydrogen,  and 
one  atom  of  iron.  He  attributed  the  deficiency  of  carbonic  acid 
in  Thomson's  results  to  his  having  employed  too  smaji  a  proper- 
tion  of  oxide  of  copper. 

Lastly,  Mr.  Porrett  published  a  further  memoir  on  this  subject, 
in  which  he  again  corrected  his  former  results  as  follows : 

{CSias      32*72 1 
Iron  "  12-60  f  ^^'^ 

Potash  41-68 

Water   13-00 

Repeating  the  experiment  of  burning  the  salt  with  oxide  of 
copper,  he  constant^^  obtained  four  volumes  of  carbonic  acid  gas 
for  one  of  azote;  whence  he  concluded  that  the  acid  is  conu 
posed  of  four  atoms  of  carbon,  one  atom  of  azote,  one  atom  of 

hydrogen,  and  half  an  atom  of  iron  ;  but  this  half  atom  of  iron 

not  being  consistent  with  the  atomic  views,  he  conceived  his 
expeiunents  to  be  sufficiently  exact  and  positive,  to  decide,  con- 
trary to  conclusions  derived  from  less  complicated  and  easier 
experiments  made  directly  on  iron  and  its  oxides,  that  the  weight 
of  the  atom  of  iron  is  not  half  what  it  has  heretofore  been  admit- 
ted to  be,  or  one-fourth  of  that  laid  down  in  my  tables  ;  whence  i 
lie  concludes  that  the  protoxide  of  this  metal  is  composed  of  two 
atoms  of  base  and  one  of  oxygen,  and  the  deutoxide  of  four  of 
base  and  three  of  oxygen. 

M.  Vauquelin  also  made  many  researches  on  the  prussiates ; 
and  his  treatise  on  the  subject  is  full  of  interesting  facts ;  but  he 
^id  not  employ  himself  in  determining  the  proportions  of  its 
^ements,  which  is  the  principal  object  of  the  present  memoir. 
He  found  that  prossian  oliie,  contrary  to  what  Gay^Lnsaac  had 


SBSt     Mr,  FerkimjmikeMompt^iniUjfjof  Water.  [Mlk&G«, 

0nA§mmmntl  io  MBchr  probdUe,  k  «  pnissnete^juMl  iiot.a  cyaa». 
met,   l^«mueliii  'thm^t,  aioreoveiv  tbat  be  had  dbcovtred  ita 

i^ae  bases  capable  of  ^oeoraposin^  water  at  the*a>nunoD'teia- 

perature  of  the  atmosphere  give  hyarooj^aoates,  wktte  ihe  jotheis 
'give  only  cy  an  ure  te . 

The  laat  work  on  this  subject  that  has  conic  to  ray  kr.owledgi 
as  a  note  by  M.  Robiquet  on  the  composition  of  prussian  bJue. 
In  it  he  confirms  the  resuUs  which  M.  Proust  had  derived  from 
his  expirinients  on  the  prub^iates,  laade  long  since,  and  among 
others  this,  that  the  white  prussiate  of  iron  contains  potash. 
M.  Robiquet  showed  that  this  prussiate  without  potash  may  be 
obtained  in  the  form  of  small  crystalline  orrains,  of  a  veilow 
colour,  by  exposmg  prussian  blue  for  a  long  time  to  the  action  of 
^aulphjiireUed  hydirogen  gas.   He  conaidiera  ,pr«esian  blue  as  a 
4mibui<itioo  of  cyanuret  of  iron  with  a  pmaiatie  of  dftttioKide  lOf 
iron  and  water ;  and  be  atti'ibuites  ks  blue  colour  .to  water*  Be 
:asserts  thatiwiigiaoiiB  prussiate  of  potaah  burned  by  meaittilf 
Mide  of  ooppar  always  afforded  hiai  the  gaees  in  tbe  Aame  pea- 
iportiM  to  one  another  tbat  Gay*Luwac  found  tbem  in  cy  anogant; 
land  be  maintains  tbat  in  this  expehment  the.  beae  isetaias  m 
icaiboBie  aeidf  as  Mr.  Poiarett  had  noticed. 

Results  so  contradictory,  and  conjectures  w  little  Justified  bg 
experiaient;  are  not  very  well  calculated  to  give  us  an  exact  idea 
of  the  composition  of  ehese  salts ;  and  aluiough  the  path  has 
been  marked  out  by  the  labours  of  Gay-LiissHC,  we  must  confess, 
in  spite  of  what  has  been  done  with  him,  that  we  .ai'ejust  the 
same  point  at  vvhicii  he  left  the  question. 

M.  Proust  long  ago  proved  the  ferruginous  prussiates  to  con- 
tain iron,  and  that  they  must  be  regarded  as  salts  with  d(  »ubit  bases, 
tOf  which  the  protoxide  of  iron  is  always  one,  exactly  as  alumina 
is  always  cnu;  tjl'the  bases  in  the  different  kinds  of  alum  ;  an  d  he 
showed  that  prusi,ian  blue  must  be  a  hydrocyauale  in  winch  tlii^ 
deutoxide  of  iron  represents  the  other  bases  with  the  protoxide. 
Mr.  Porxett's  idea  that  the  iron  is  an  element  of  the  acid  has 
iriMis^a  appeared  to  me  analoeous  .to  that  of  Aonsidering  the  pot- 
jsab  miaEeam.of  tartar  aswdaaiantof  the  acid  in  jpafdeau^- 
jufffi^  or  taitar  ff^a?fttir 


Article  XIV. 

On  the  Comprembilittf  of  Water,   By  Mr.  Perkins. 
(To  the  Editor  of  the  Aumak  i^hiiosopk^*) 

In  the  Antials  of  rinbaophi^  for  February,  Dr.  Roget  hsf 
discovered  a  very  niatei  ial  error  in  my  computation  on  the  fir*^ 
experiment  made  with  ^Ue  piigsooietec  on       compressibility  of 
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^^r^  The  real  «rror  was  ni  the  data  beinof  incorrect  in  the 
^aper  veod  beibre  the  Ri^yal  Society.  Tke  dimeiisioiis  of  tile 
ipifizonaeter should  have  be<jn  as  tallows: 

The  diameter  of  the  cylinder  3  inches,  ]cno;th  23|.  inches, 
{fh^'phmgor^-jdiameter.  The  mmtake  originated  by  taking  tte 
Jmumom  sstt  a  iiaiiboBietor  vdiick  .-was  nied  at  vie  time  <te 
^ppiffiiwflnf  was  .made. 

With  mudbt  Aiteen,  fomatvalgr^ 


Articjub  XV. 
Analyses  of  Books. 

^karmacologia,  or  the  History  of  Medicinal  Substances^  with-^ 
7iew  io  estabfish  the  Art  joJ  prescribing  aud  of  composif^ 
extemporaiteom  Formula  vpon  fixed  aud  scientific  Priuciplts,: 

*  iliustrated  by  fhrmuta^  in  which  the  intention  of  each  Ekmenl 
is  designated  by  Key  Letters* ,  By  John  Ayrtoa  Pd.ri&,  MD. 
FLS.  MRI.&c.  &c. 

'  If  iibia  imblvsatioo  weie  entiEdiy  ^nedical,  it  vtmli  of  eoerae  %a 
itaproptr  Iboiiolice  «biii  a  wock  professedly  acienrtific*;  but  wit 
taf fi^m  Miiaidtfatims,  and  to  a  very  oonaideraUe  extentp  whidli 
iboteng  to  ibe  wienoe  laf  chtmiatry  and  the  operattoiie  of  phar-^ 
naey,  I  conceive  that  some  aocoasit  ofatmay  not  be  misplaced 
in  the  Aumk. 

'    Dr.  Pacis  has  prefixed  to  this  woik  an     Historical  latroduc- 
tiou,  '  giving  an  account  of  the  more  proiuiuent  revolutions  that 
iiave  occurred  in  the  reputation  of  uiediciiial substances ;  a!id  in 
the  execution  of  this  task,  he  has  deviated  from  the  beaten  path, 
and  has  given  au  air  of  originality  to  a  subject  which  might  be 
apaaidered  as     gome  what  musty      This  history  wiU  be  founds 
la  use  the  jauthor'a  -own  wordsy    .an  analytical  inquiry  into  Ite 
lapce  imarkahle  causes  which  have,  ki  ditiPerent  ^ages  and  eo»- 
tines,  Apersiad  in  pioduciag  the  levolutions  that^omracterise^tlie 
history     aofidioinidi  aubslanoes j it  ivili  be  imyeoaifalc  to  reaA 
Akna  iatradufltkm  ivithont  iiiUy  raasenting  to  aa  opmon  esfpreaaed 
hy  the  late  Dc  George  Foedyce,  thai  wbenew  aaubstasce  waa 
ipod  fior  ftolhing  ek^,  it  'was  tried  in  weiictne.  ^  The  re^^Sii* 
lioas  and  vicissitudes,"  says  the  author,  "  which  remedies  have 
liiidergone  m  medical,  as  well  as  po|>ular,  optnioD,  from  the  igno- 
rance of  some  ag^s,  the  learning  of  olhers,  the  superstition  of 
ihe  weak,  aiul  the  designs  of  the  crafty,  aft'ord  an  ample  strbject 
fotr  philosophical  reflection;  some  of  these  revolutions  1  shall 
j^oceed  to  investifi^ate,  classing  them  under  the  prominent  causes 
«hii;h  haics  ywM^strrd  thesd  ^  vis*  -liuperstition— Gsedality-^ 
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gcepticism-rJ^abe  theofy*— OeTOtion '  to  <  maAmiikf  -  Mid 
.UisD^d  routioe-^The .  asttgntng  to  art  thai  wUeh  w w  the'  ^fttl 
of  unaasUted  nature — ^The  aaaigning  to  paeulkur.  MhatettM 
properties  deduced  from  experiments  made  oo  inferior  animall 

* — Ambiguity    of  nomenclature— The  progress  of  botanicd 

science — 1  he  application  and  misapplication  of  chemical  philo- 
sophy— The  influence  climate  and  seasons  on  diseases,  as 
well  as  on  the  properties  and  operations  of  their  retviedies — The 
ignorant  prepaiation  or  fraudulent  adulltiration  of  medicines— 
ihe  unseasonable  collection  of  those  remedies  which  are  of 
vegetable  origin  ;  and  the  obscurity  which  has  attended  the 
operation  of  coni|)Oiin(l  niechcmes."  Now  to  this  truly  formidiible 
list  of  mischief-producing  causes,  I  think  the  author  might  have 
added,  the  careless  revision  of  national  PharmacopcBiaa  ;  unless 
this  may  be  classed  under  the  head  of  the  ignorant  preparatioii 
of  medicine. 

Under  the  head  of  Ambiguity  of  nomenclature/'  Dr.  Paris 
has  collected  some  curious  facts>  and  from  such  various  sources^ 
as  to  evince  that  his  reading  has  been  extensive,  and  that  he  has 
neglected  no  means  of  attaming  knowledge  in  illustratton  of  his 
aumect.  . 

After  mentioning  some  circumstances  respecting  the  aweel 
and  common  j^otatoe,  he  observes,  A  similar  instauce  is  pre* 
aehted  to  us  in  the  culinary  veeetaUe,  weU  known  under  tht 
name  of  Jerusalem  artichoke,  which  derived  its  appellation  in 
consequence  of  its  flavour  havino;  been  considered  like  that^rf 
the  common  artichuke  \  it  is  hardly  necessary  to  obsorve  that  it 
has  no  botanic  relation  whatever  to  such  a  plant,  it  being  an 
heliotrope  (hehotropium  tuberosum);  the  epithet  JtruaaUm  is  a 
curious  corruption  of  the  Italian  term  gira-sole  \  that  is,  turn-sun 
in  English,  or  heliotrope  in  Greek." 

Dr.  Pans  occa^iionally  enlivens  the  subjects  on  which  he  ii 
treating  (and  it  must  be  confessed  that  they  sometimes  stand  in 
need  of  it)  with  anecdotes  which  happily  illustrate  his  positions: 
he  remarks,  that  it  ought  not  to  be  forgptten  that  cultivation 
and  artificial  habits  may  bave  blunted  the  susceptibility  of  our 
oi^ansj  and  in  some  instances  changed  and  depraved  their 
functions:  certain  qualities,  for  instance,  are  so  strongly  con- 
nected with  each  other  by  the  chain  of  association  that  by  pre- 
senting only  one  to  the  mind,  the  other  links  foUovr  in  succession. 
This  misht  be  illustrated/'  continues  Dr«  Paris,  by  the 
lecital  of  Qumerous  fallacies  to  which  our  most  simple  perceptions 
are  exposed  from  the  powers  of  assaciation  ;  but  I  will  relate  «b 
anecdote  which,  to  my  nund,  elucidates  the  nature  and  extent  of 
such  fallacies  more  strikingly  than  any  example  which  could 
adduced.  Shortly  alLcr  Sir  Humphry  Davy  had  succeeded  m 
decomposing  the  fixed  alkalies^  a  portion  of  potassium  WSS 
placed  in  the  hand  of  one  of  our  most  distinguished  chemists, 
with  a  query  as  to  its  nature?  The  philosopher^  obsemng 
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aspect  and  s|)lendi)ur,  did  not  hesitate  in  pronouncing  it  to  be 
metallic,  and,  uniting  at  once  the  idea  of  weight  with  that  of 
metui,  the  evidence  of  hi^  senses  was  even  insufficient  to  diS* 
c^vei;  ideas  so  inseparably  associated  in  his  mind,  and,  balancing 
the  specimeo  .%m  km^  fiugm,  he  exclafttied»  ^  It  is  ceitaialyi 
wtaUiciy.  wad  utrj^  pouderaus!"*  Now  thi*  tncodate  is  not 
vlated  in  dispMgemftt  to  tbe<  philosophar  in  quettioa,  Wh«i 
^uld  hiivft  been  prapered  to  meet  ysiA  a  sgdmtanee,  so  iiov«V 
tmif>n«lnn8»  aa  to  ovwrtiirn  emy  precoimived  ncftiobt  A 
Mtal  so  kght  to  owiitt  upon  water,  and  so  inflammabie  as  im 
iSldk  fise  %  tho  coBiact  of  loa  ( 

In  die  same  stnon  it  ia  ftirther  wtA  imppily  observed  by  'Dr. 
Paris,  when  treating^  of  mercury,  that  naythologists  inform  us 
that  he  vvfis  Llie  winged  messenger  oi'  the  gods,  and  the  patron 
of  thieves.  What  name,  theretore,  could  be  more  appiopnate 
the  metal  in  question  than  that  of  this  deity?  for  it  is  not 
only  distinguished  from  all  other  metals  by  its  mobility,  but  its 
universal  agency  has  rendered  it  the  resource  of  those  worst  c^f 
thieves  —quacks,  and  nostrum-mongers. "  Dr.  Pans,  m  addition 
to  his  own  experience,  and  to  the  inforoiatioB  gained  by  hia 
Mding  on  the  subject,  Jms  obtained  maok  useful  iaformatioa 
hm  penoas  in  di^lattt  oonatries  respei^ng  the  influeoee  of 
Stti^  cukora,  elimate,  and  season:  for  pavtieulavs^  1  must  reftt 
the  reader  to  the  work  itoeif. 

XIm  only  remaining  part  of  the  histsncai  inlrodaotion  whicli  I 
iWl  notice,  ia  that  waieh  treats  of  the  applieatioa  and  nisap* 
|liflsfcion  of  cheaiieal  seience.  In  the  beginning  of  this  sectioiii 
saae  very  amusing  and  curious  matter  will  be  found.  After 
aoiieing  the  works  of  Roger  Bacon,  Basil  Valentine,  Paracelsus, 
Van  Helmont,  &.c.  he  comes  down  to  our  own  times,  and 
h()[iours,  first,  Mr.  Brande,  and  then  nie,  with  some  notice  for  the 
tiniiciams  winch  we  have  occasionally  ventured  to  make  upon  the 
London  Pharmacopoeia;  and  I  believe  1  may  regard  myself,  with- 
out anv  imdne  pretensions,  as  a  very  pronnnent  member  ol  a  new 
Ofder  denominated,  by  Dr.  Paris,  Ulira  Chemists; "  and  1  am 
accused  of  exhibiting,  in  my  Experimantal  Examination  of  the 
fiiMuriBaGopoBia  Londmensis,  a  ^*  caustic  stjde  of  criticism/'  rather 
thsa  any  fatal  or  material  inaccuracy"  in  the  work  reviewed; 
%eat  aUowaoccis  to  be  made  for  Dr  Pans,  in  passing  his  judg- 
ment upon  my  examinationi  for  he  is  aFeUow  of  the  College;  but 
till  Bot  having  been  so  at  the  time  whan  the  Pfaamiacopoeia  in 
<|w>i>ion  waa  edited^  I  think  he  would  have  .shown  more  discra» 
nOB  in  sttfiering  it  to  sleep  quietly  in  the  dust  to  which  the  Col* 
lege  have  consigned  it.    1  am  not  so  good  a  judo^e  of  the  ap- 

riarances  whicti  indicate  what  is  "fatal*'  as  the  Doctor;  but, 
think,  if  he  should  hnd  that  a  person  was  utterly  incapable  of 
perturruingf  any  ofthe  functions  which  indicate  vitality,  lie  would 
conclude  hnn  to  bo  dead,  ii  then  1  discover  in  a  PhariuacopcEia 
^^ariarisedantiinof/j/  which  is  not  tartar  emetic,  and  consequently 
'lu^&ble  of  auswerMig  the  end  for  which  it  waaprefMuredi  I  hava 
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ipomMb  for cOBcloiting  tlwtl  have  pointed  out  ''m  fttfldand  iniA^ 
iuaGGuracy."  Indeed  the  College  seem  to  have  ooncomd 
with  me  on  thib  point,  for  the  process  of  which  I  complained  iiM 
been  abandoned.  Whether  that  which  is  substituted  for  it  is  aay 
^tter,  I  need  not  on  the  present  occasion  ioquine. 
►  To  proceed,  however,  with  that  part  of  the  work  which  it  is 
more  iinjxjitanl  lu  notice,  it  is  to  be  observed,  that  after  the  his- 
torical iiiiiuducUoii,  we 'nave  the  term  *  Pharmacologiu  '  detined, 
as  comprehending  "  the  scientific  methods  of  adiiiinistering 
medicinal  bodies,  and  explaining  the  object  and  theory  of  their 
operation."  Tins  is  divided  into  two  parts;  **  the  hrst  conipre- 
hendin<i  the  principles  of  the  art  of  combination,  and  the  second 
the  medicinal  history  and  chemical  habitudes  of  the  bodies  wiuck 
are  the  subjects  of  such  combination." 

.  Excepting  a  short  and  inoompiete  paper  by  the  lata  Dx, 
George  Fordyce,  I  believe  no  attempt  has  before  been  made  to 
investigate  the  medicinal  properties  resulting  from  the  mutual 

^action  of  bodies  independently  of  their  chemical  action.  In  the 
executibn  of  this  part  of  his  subject,  the  author  has  developed 
aome  original  views  which  appear  to  be  capable  of  application 
to  the  chemical  analysis  of  vegetable  substances.  Thus  in  men- 
tioning  seona,  he  observes,  that  its  Jeaves  **  appear  to  contain 
an  active  principle  in  combination  with  a  bitter,  which  latlber 
ingredient,  although  destitute  of  purgative  properties,  considera- 

'  Uy  increases  those  of  the  former ;  for  if  this  be  removed,  as 
happens  when  senna  is  transplanted  into  the  south  of  France, 
the  purgative  principle  is  weakened,  but  may  be  again  restored 

,  the  artificial  addition  of  some  bitter  extractive."  Thiis  aud 
amiilar  instaact ^3  uuiiice  Dr.  Paris  to  inquire  whether  it  does  not 
appear  that  "  certain  elements  exist  in  the  composiLiun  ot  vege- 

^  table  remedies  as  furnished  by  nature,  which,  although  mdivi- 
dnully  inert,  confer  additional  strength  and  impulse  upon  the 
principle  of  activity  with  which  they  are  associated  ?" 

Incurring  the  risk  of  being  again  deeuud  an  U/tra*'\  shall 
venture  to  observe  that  this  reasoning  appears  to  be  derived 
from  the  well-known  chemical  fact,  that  it  is  impossible  to  dis- 

■  .cover,  a  priori,  \vhat  will  be  the  result  of  mixture;  and  I  am 
apprenensive  that  the  few  remarks  which  I  intend  to  ofier  upon 
the  formulsB  introduced  by  Dr«  Paris,  will  be  considered'  as 
irrelevant. 

It  will  be  seen  by  referring  to  the  work  that  key  letters,"  so 
denominated,  are  placed  opposite  to  each  ingredient  of  a  ccillec* 
tion  of  formulse  to  denote  the^  mode  in  which  it  acts.  Now 
although  these  formulse  appear  in  general  to  be  extremdjy  well 
composed,  there  are,  I  think,  some  instances  in  which  the  idea  of 
the  mutual  assistance  of  similar  medicines  is  carried  a  little  too 
lar*  On  this  subject  I  confess  I  speak  chemically  and  theoreti- 
cally;  but  I  would  ask,  what  is  there  so  different  in  the  action  of 
oak  bark,  galls,  and  catechu  as  a  tnngents,  that  a  mixture  of 
them  is  preferable  tu  any  out,  or  at  any  rate  any  two  of  them  j 
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hvtt  theise  three  substances  are  employed  together  in  one  fof^ 
mola.  It  is  indeed  true  that  the  oak  bark  is  used  in  the  state  of 
ItninfasHm,  the  galls  in  that  of  powder,  and  the  catechu  in  the  form 
of  tincture;  bitt  as  all  of  these  bodies  may  be  used  in  any  of  thete 
forms,  I  cannot  conceive  the  utility  of  using  them  all  together 
But  this  is,  perhaps,  the  natural  result  of  my  being  an  ^*  UUra/^ 
Dr.  Parts  appears  to  have  paid  considerable  attention '  to' « 
subject  of  great  importance;  I  allude  to  the  methods  ofdetectinjg^' 
the  presence  of  arsenic;  and  he  has  pointed  out^  not  only  the 
-methods  by  which  it  may  be  discovered,  but  has  mentioned 
many  circumstances  which  give  rise  to  ambiguous  appearances 
of  its  existence.  In  addition  t<>4he  copper  and  silv  er  tests,  upon 
which  he  appears  to  place  the  greatest  reliance,  I  would  beg  to 
suggest  the  additional  evidence  which  may  be  easily  and  strik- 
iriLily  obtained  by  the  use  of  an  aqueous  solution  of  sulphuretted 
hydrogen  gas,  with  an  aqueous  solution  of  the  suspected  sub- 
ttance.  It  is,  perhaps,  scarcely  necessary  to  observe,  that  the 
eftcct  which  results  from  their  mutual  action  is  the  production  of 
a  yellow-coloured  solution  without  any  precipitate.  From  recent 
experiments,  I  am  satished  that  arseninn^  acid  possesses  no  allia- 
ceous smell,  and  that  it  is  peculiar  to  the  arsenic  volatilized  in  its 
metallic  stale.  I  mention  this  circumstance,  because  different 
opinions  appear  to  be  entertained  on  the  subject;  and  if  the  arse- 
Ihous  acid  be  not  heated  under  such  circumstances  as  decom- 
pose ity  a  ready  but  rough  method  of  detecting  the  presence  of 
taenic  may  be  rendered  useless. 

.  As  one  of  the  not  least  useful  parts  of  Dr.  Paris's  work,  I  may 
notice  his  exposure  of  quackery,  and  the  statement  which  he  hils 
given  of  the  composition  of  more  than  100  of  the  most  cele^ 
brated,  and  consequendy  the  most  mischievous,  quack  medicines. 

In  concluding  this  notice  I  may  observe  that  with  respect 
to  those  parts  of  this  performance  of  which  I  may  be  i,up- 
posed  to  be  able  to  form  an  opinion,  that  opinion  is  highly 
favourable  ;  and  although  the  work  is  evidently  intended  to 
afford  pharmaceutical  and  pharmacological  information  to  the 
junior  members  of  the  medical  profession,  there  are  many  of  a 
maturer  age  who  may  receive  much  benetit  from  its  perusal;  and 
it  will  form  a  useful  addiUoii  to  the  medical  hbrary.-* Jbie/. 
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Feb.  I^The  Bakerian  lecture  on  the  best  Kind  of  Steel,  and  ' 
Form  for  a  Compass  Needle,  by  Capt.  Kater^  was  read. 
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]^h,S. — A  paper  wan  read,  on. tke- Fossil  BoimiAlUlllli^ in  ttet 
J^itkituncliock  at  Plymouth,  by  Mr.  Whidby.  ! 

At  the  same  meeting,  a  paper,  by  Or.  Henry,  of  Manchester^, 
was  partly  read,  on  the  Aenljrm  Oompjounda  of  Charcoal  aad^ 
Hi^cicQKen,  with  mtm.  additiooil  ]it)if%mmiUmmilBm(Sk^ 
OJ  andGoaL  .  J 

Feb.  16.— The  paper,  by  Dr^  Hmy*,  oa.  the*^  ^WnrifiMm*  O^'^ 
flpimds  of  Cb|urco«l  iukI  Uydrogeo»  wMreamiMd. 
_  At  the  same  meeting,,  a  paper  wee  reedy  1^  the  Reri 
^l^bertsoa,  entitled^    ObaetvetieiiB  •of  the  Echpss'cf  ibe  Smm 
fla  Sept.  7,  1820,?' 

.  At  the.ffiinie .meeting  ako  a ooticer wee <read»  resfiecting  alimw 
ttolcano,  by  Capt.  H.  Kater. 

*  Capt.  K.  first  observed  this  volcano  on  Sunday,  Feb.  4,  the^ 
moon  bein<^  then  two  days  old;  its  appearance  was  that  of  ai 
smill  nebula,  of  vaiiable  brightness,  subtending  au  aiigle  of  3f^' 
o^*  4^'.  Its  distance  Irum  tiie  edge  of  the. moon  was  1-iOth  her? 
diameter ;  and  on  the  ()th,  the  au^ld  it  iWiaaed  with  aiiiifi  joiniM 
ijjg  the  cusps  was  about  61)°.  •  ^ 

_  22.— Dr.  Heiuy!8  fwifieKy  on  the  Aenfom^CSoaipoiuidsfofc 
PbarcoaLand  EydrogeD^.  was  concluded.  » 

^,,Th^  plgpct  hvst  p<9opi»eed  by  ihe  .aolhar  was.  to;eBManinefthttf 
9f;puracy  of  those  viewe'^of  the  copipomide Df  cheifthil  tmA  iiydlw* 
get;  whicUba4  aneeniQui  of4iieforaier«miemee«la^  undilteaerefii 
Mir.  D^ltpfl|  pspeciaUy^whetfwjtfiyrofa  aiiempftwndia^^ 
^li.iphanictei^.  to  Jigbt  earbttret^ted  hydeegrtn  gee;,  die  esalenoifD 
w|[iich^^d.been  called  in  iqaesiion  iB  aiatd  fiakeriaiitieotufei 
1*1118,  after  attentively,  aiwi  at  varioua  times,  .examinMig  the  gaa 
from  stagnant  water,  he  pronounces  to  be  a  distmct  chemical 
compound,  having,  unitbrmly  the  same  compo.^iiion  and  chemical  • 
properties^  and  the  same  specihc  gravity  (vj'65f5).    U  is  conatv- 
tdted  of  100  parts  by  weight  of  charcoal  nnited  with  33*40  of 
hydrogen;  while  defiant  gas  consists  of  10»)  charcoal  ](r70 
hydrogen.    Hence  if  the  latter  be  considered  as  a  compound  of 
one  atom  of  charcoal  and  one  atom  of  hydrogen,  carburei^ed 
hydrogen  must  consist  of  one  atom  of  charcoal  and  two  atoms  of  * 
h^ogen;  and.  at  lOQ  cubic  jachea*' of  carbwrettBdf'bjjidco^iifx 
QOntainhydrogen  equivalent  to  200tOubio3|Mbe6  ofthydrogen  goe/t 
l|e  sugge^te  the  verification  of  the  specific  gravity  of  hydrogens 
^ae;1ay  that  of^arbnretted  hydrogeni  and  finds  tfaatiin  this  way> 
!(;,  comes  out  O'OdOSy  making  the  relative  Weights  of  the  atoms'o0 
hydrogen  and  oxygen  very  n,early  as  1  to  8w   The  Atom  of  oliar^ 
coal  also  he  estimates  from  the  composition  of  carburetted; 
hydrogen,  and  of  carbonic  acid,  at  6.  • 

Hiii  next  experiments  ruiaLe  to  the  best  means  of  analyzing- 
miiXtures  of  oleiianl  gas  with  hydrogen,  carburetted  hydrogen, 
OF  carbonic  oxide  ;  and  of  olefiant^as  with  all  those  tlaee  gases*" 
CUJornie,  he  .shuw.s  t^^^y  employed  with  perfect  nccnirtjey/ 
fffUfi^^  cc^cte>i|u^aautu)a&Ai£  ^kbsersed^miich  «i(eut|(Miihe4) 
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«<4len5:th  inthr«pap<»r.  Thechiefof  theaeia^theicompfete  exilu- 

^niaimdWllmeticnis  fertitialyzing  miietorcfs  cf  hydrogen,  cftf^ 
)lMifetted  hydrogen,  trtid.t^ail^otiic  oxide,  "but' these^  from ^th«i^ 
^Mtdfie,  w^'ioeftpMe^^^PttbHd^^tit. 

By  the  analytical  procens^s  thns  e^tafWishied,  he' proceeds  tb 
■exaiHine^  the  coiuposUion  of  oil  gas  and  coal  gas.  The  results 
'ttre  given  in  tables,  but  the  general  issue  of  the 'experiments  lis 
■that-oil  2^as  (-as  he  had  fornieHv  shown  with  respect  to  coal  i^a^) 
%"vtty  far  from'being  unilorni  tn  composition,  but  differs  '^k  atly 
•in  specific  gravity  -and  combustibility,  when  prepared  at  dilierent 
•tftiies  even  from  the  same  kind  of  cil,  ovvmg  to  variations  <Jf 
'temperature  and  other  circumstances.  Essentially  the  gas6i 
•fiom  oil  and  from  coal  are  composed  of  the  saviie  ingredient?, 
«llKH%h  in  differetit  propcmton«,  vxi,  simple  hydrogen,  light  ca1^-i 
Curetted  hydrogi^rt,' and  carboni<:  oxide  ga^es,  ivith  the  addition 
itf  mristbl^  propof  tioits  of  an  elastic  fluid,  which  agrees  with'^K^ 
Amt  gtiS'in  being  condensible  by  ch!oiihe,'btit  cdnsumes  mofb 
^xygenMand  gives-morecsfbonicacid,  by  combustion,  and'haafli 
4nglKf  '«pedfic  gravity  than  ofefiant  gas,  ^nd  el^en  thtm  attinHf- 
spheric  air.  "Whether  this  » ingredient  be  strictly  a  gas,  pernia- 
*ent  at  all  teuiperatures,  or  a  mixture  of  defiant  gas  with  some 
new  gns/constFtoted  oi  hydrogen  and  charcoal  in  different  pf6- 
fovtious  from  what  are  found  in  the  known  compounds  of  those 
elements,  or  merely  the  vapour  of  a  volatile  oil,  he  leaves  to  bt; 
^cided  by  a  future  train  of.  experiments.  '  ; 


^dms  read  at  the  First  Meeting  of  the  Cambridge  Philomphiedt 

,  Societf/,  stating  the  Design  and  Ohjexta  of  ita  institutivni; 
wril/tu  at  the  Request  of  the  CuhnliI,  //y  Edward  Daniel 
C/ai  /x€f  LL,D.  rt  ojessor  (jf  Miueralggif  in  the  Unii^rm^  -^f^ 

At  the- opening  of  the^first'meeting  df  the  Cambridge  Phllo^^ 
iO|Miical^cfety,  the  Memhdrs  of  tte  Council  "avail  themselttM 

the  earliest  oppoftunity  that  has  been  offered  to  them,  df 
expressing  to  the  Society  their  congratulations  upon  its  Institu- 
tion. Convinced,  as  they  all  of  tfiem  are,  of  the  advantages 
Wi^ly  to  result  from  the  establishment  of  sucli  a  SocIliv,  tffey 
do  not  hesitate  to  declare  their  opinion,  that  an  event  of  more 
importance,  as  affecting  the  loest  hi te rests  of^OGMOoa,  hasa^are^ 
•ccurrecl  in  the  annals  of  the  Universitv. 

A  century  has  now  elapsed  since  the  celebrated  Woodwaril 
prefixed  the  following  axiom  to  his  *^  Essay  upon  the  Natural 
History  of  the  Earth,"  whieh  k)ok  the  lead'in  satgettsof  ^eo^ 

pcsl  4at(pbff.  *<*ix)m  %  hng^tiaiii  Ttf  wxpetixinae^*  aaid  'be. 
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^'thft  worid  18  «t  length  convinced  that  etiHmUiom  utf  Ihe  4vSif 
sure  grounds,  whereon  to  build  a  lasting  and  substantiai  philafr' 

sophy.  Ail  partyes  are  so  far  agreed  upon  this  matter,  that  it 
seems  to  be  now  liie  cuiunion  sense  of  mankind.*  "  For  thia 
reason,  when  he  composed  his  wx  ik,  as  he  himself  states,  "  He 
gave  himself  up  to  be  guided  wholly  by  matter  of  fact,  uiteiidiiig 
to  bteer  that  course,  which  is  agreed,  of  all  hands,  to  be  tlie  best 
and  surest ;  and  not  to  offer  any  thing  but  what  hath  due  warrant 
from  o!)<;ervations.+  Unfortunately,  for  the  fume  of  this  distin- 
guished naturalist,  and  (or  the  University  to  which  he  bequeathed 
his  valuable  collection,  the  want  of  a  Society  affording  the 
means  of  philosophical  communication,  cauaed  bia  imiueiiae 
treasure  of  facts  to  remain  hoarded  in  a  [^ce  by  no  means  wot* 
thy  of  the  collection,  or  convenient  for  its  arrangement.  Hence 
the  hardly  credible  truths  which  are  now  beginning  to  oome 
light  respecting  the  Woodwardian  collection  ;  hence  the  extraoi*^' 
dniary  circumstance,  first  made  known  by  the  late  Professor,  tte 
liev.  J.  Hailstone,  that  the  corundum  stone  (a  subataoce  ofaaeli; 
singular  utility  in  the  arts,  and  whose  supposed  discovery,  as 
distint^uished  from  other  minerals,  was  attributed  to  Dr.  Biad^ 
jdC  Edinburgh),  was  not  only  known  to  Woodward,  but  specimena^ 
4)f  it  existed  unnoticed  in  his  cabinet  many  years  before  Di^; 
Anderson,  of  Madras,  sent  to  Europe  the  examples  upon  which 
Dr.  Black  founded  his  observations.  The  sdinc  may  be  said 
Willi  regard  to  other  bodies,  and  especially  that  remaikable  sub-* 
stance  called  the  native  meteoric  iron  of  Pallas,  also  in  the 
AVojjdwardian  collection.^  To  obviate  even  the  possibdity  of 
such  occurrences  in  future,  to  lay  open  channels  of  communica- 
tion for  facts  connected  with  the  advancement  oi  pbil  )so|)hy,  and 
also  to  bring  together  men  whu  are  engaged  in  common  pursuits 
of  science,  is  the  main  object  of"  the  Cambridge  Philosophical 
Society.  The  zeal  and  promptness  which  have  been  manifested 
in  its  establishment,  and  a  view  of  the  names  which  have  been 
already  added  to  the  list  of  its  members,  excite  a  reasonable 
Ift^pe  that,  by  means  of  it,  a  fund  of  valuable  information  mayba 
gradually  accumulated.  Some  idea  may  be  formed  of  the  use>i^ 
nihiess  of  such  an  Institution,  simply  by  referring  to  the  various 
peiiodical  Journals,  edited,  either  by  individuals,  or  by  societiesi 
}n  different  districts  of  this  kingdom ;  in  which  the  philosophical: 

;  •  Nat.  Hist  of  the  Eartlj,  p.  I.  Lond.  1723. 

f  ibid.  The  observations  I  speak  of/*  ubiierYes  the  same  Author,  p.  3,  wet^ 
alrinadtf  in  Engkmd^  tlie  fUc  giMtcst  pan  wlimof  I  iwvelled  ovar  on  porpote  to  snhhi' 
'  tf^pa ;  professefij  flcftrching  all  places  as  I  pas!<ed  along,  and  taking  a  careful  and  exact 
^^cmjoi Thinps  on  all  hands  as  they  presented  ;  in  order  to  inform  myself  or'tlie  present 
condition  of  the  earth,  and  ail  Bvdycs  contained  in  it,  as  tar  aa  either  Grottos^  or  otheV 
Hatural  Caverns,  or  Mines,  Quarries,  Co/epUs,  and  tfae.like,  let  neinlO  it,  and  dia« 
pliUradtodslittfaeihteriorspartsof  it.** 

!f  To  prove  this  remarkable  fact,  Profowor  Hulstone  purchased  a  specimen  of  th« 
Badve  meteoric  iron  of  Falias,  and  placed  it  in  the  Woodwanlian  collection  by^^hiih  lU^ 
iti  Woodward's  specimen,  that  thek  idcntit/  might  b«  (ite  o^tte  ewiiy  ynmitniiwiK'v.  *,  , 
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contributions  of  the  members  of  this  University,  being  frittered 
and  squaiidered  away  in  detached  and  distant  parts,  appear  to  be 
almost  without  existence  ;  but  if  the  same  scientific  productions 
had  been  concentrated,  their  testimony  of  the  indusrry  and  abi-* 
hties  of  their  authors  would  not  only  be  creditable  to  the  Univer* 
aity,  but  would  also  tend  more  eliecfually  to  the  advancement  of 
Science.  It  is  one  of  the  objects  of  the  Society,  that  a  volume 
{pr  giving  pubhcity  to  such  writings,  should  occasionally  be  sent 
Hotth,.  not  at  m}f  fixed  or  stated  periods,  but  so  o/ten  as  due  and 
i|ppiCOv«d  materials  can  be  selected  for  this  purpose,  and  to  thist 
^  it  18  priOMWed  that  l^hilosophical  Communications  should  b» 
4VHKkurageid  frow^ievecy  quarter  likely  to  afford  tbeiO;,  by  reodai^ 
ing.to  uieir  authors  every  possible  assistance  which  may  be 
Jieiieeasary  for  their  puUiealioii.  Letters  have  been  alreadj 
Igannpftitf^d  froeot  the  Secretaiics  to  persons  who  are  likdy  to. 
pioiBOte  the  intentions  of  the  Society ;  and  it  is  requested  thati 
^1  its  members  will  themselves  further  the  designs  of  the  instil 
tution,  by  inquiring;-  fur  conmiunications  relating  to  the  several 
branches  of  natural  history,  and  natural  philosophy,  especially 
by  means  of  their  foreign  correspondence,  and  the  observations 
tjiey  may  be  able  to  collect  from  scientific  uiea  engaged  in  foreign 
travel,  V\  hatsoever  may  tend  to  illustrate  the  history  of  the 
%iiimal,  the  vegetable,  or  the  mineral  kingdom  ;  of  organized  or 
.^f  unorgani^d  e^i^istences  ;  will  be  deemed  valuable  acquisitions* 
Of  course,  it  is  hardly,  necessary  to  add|  that  ail  papers  on  thu 
^bjeets  of  zoology  in  all  its  branches;  of  botany,  mineralogy, 
geology^  chemistry,  electrioity»  galvaiMsm,  magnetism,  and  all 
iO^ath.ematical  communications  connected  with,  the  subjects  ioC 
•iatiiral  nhUpaophy,  will  be  tbai^ally  received,  and  always  diii|; 
•isknowtedged,  . 

iThQ  want  of  a  sufficient  incitement  tow^da  inqeiries  of  thiit 
lUiture,  after  University  students  have  commenced  graduate% 
has  been  sometimes  considered  as  a  defect  in  the  scheme  of 
yniversity  education.  x\t  that  important  period  of  life,  when 
^e  application  of  philosophical  studies  should  begin,  academical 
ttudents  seem  to  have  acted  under  an  impression  that  they  have 
brought  their  studies  to  a  termination.  Or,  if  a  disposition 
should  prevail,  to  approach  the  studies  of  Nature,  under  the 
conviction  that  it  is  better  de  re  ipsa  <jua:rei'Cj  qnani  miran,**^ 
this  tendency,  of  such  incalculable  value  in  youthful  minds, 
becomes  chettdied,  either  by  the  retirement  or  consequent  wapt 
of  iuter|^Qpi^(^,l)^^,j^to  to  which  jthe  cuils  of  proflsil^tH^ 

daties  cohsiga^bem^r  by  the  little  honour  which  in  all  qurUniveme^ 
^es  has  hitherto  awaited  the  inquiry.    The  vakdiclory  obsenra^ 

of  Jfi^hop^iy^ligi^^^ 
wa>i*t:andihe  reproaches  c^t  upon  o^r  country  by  tbe.cehit 
grated  4Hrwai^  I  may  be  still  considered  «a4B0t^akegeliier4iia^ 

*  *  Seneca.  f  Watsmn's  MisceUaneou*  Tracts,  vol.  ii.  ik4S8b  Umk  l^ikm^^ 


0 
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•dmdmd  os  «  seicnce  woriby  tlie  ^af^Mmi  ictf  go9vmmmk 
Vbm  are  Colleges  in  which  it  is  regularly  taught ;  'ft  «f%M»^ 

clistinct  and  honourable;  lirofession,  like  that  of  the  soldier,  4be 
mei chant,  or  the  barrister;  its  superior  officers  form  a  part  of 
"the  administration  of  the  state.  Young  students  tVavig iit  wkk 
(be  knuwledge  to  be  acqiuifcd  in  their  own  country  are  sent 
libroad  to  glean  all  that  cau  be  collected  from  a  more  divopia^iiiad 
view  of  nature.  Tliis  example  has  been  followed  by  Fmnce^ 
Kuhsin,  and  Spain.  Chemistry  too,  the  parent  of  mineralogy,  ii 
cultivated  bv  ilie  most  enlightened  nations  in  Europe,  a  lid  parti* 
cularly  in  Fiance,  with  a  degree  of  ardour  that  approaches  ta 

<  Mthusiasm.  In  England,  on  the  co'Uraiy,  it  receives «fK>  encou- 
tagement  from  the  fiuUic."  Ttiese  observalions  which  that 
Wiioaiit' naturali^  tban  af^ied  to  lha  aluiiiaa  iii  wbioh  ba  ml^ 
mote  pantcularly  engaged,  may^  to  a  eartain  extent,  ba  gMI 
dkipacted  towards  every  other  branch  of  natural  pbilosophy.  *la 
ibe  postbamoos  works  of  Dr.  Hooke,  which  were  dedicated  4a 
fiir  isiiae  Mewtoii^  avhen  he  was  Praaideiit  of -Che  Hoyal  'SM9tjf^ 
by  itaSaevetary  waUa?,^  im  find  their  atilbor^tnamtaiMigi  iMt 
Ibe  negledt  abowa  4o  ,iiat»yral  ptailoaopiiy  baa  baen^chatMileiiiiif* 
Ml,  nut  of  tbis  <eooQtfy  aione,  bat  of  aH  naliosa^fiiid  im  all  agMt 
l^.baamed  imen^?  be  ^eoniplains,  *Uake^i)ly  %  limiaiarit  vkiw^iiir 
aatural  philosophy  in  their  paasage  to  other  things^  thinkiag4l 
•uflScient  to  be  able  to  talk  of  it  in  the  phrase  of  the  schoA 
iNor  IS  It  only  so  now,  but  it  has  been  so  almost  in  all  ages  ; 
4hdt  i'or  about  2060  years,  of  which  we  have^some  ac4Jount  ia 
iiistory,  there  is  not  above  one  quarter  of  that  space  in  which 

^  men  have  been  philosophically  given  ;  and  among  such,  as  l»a^ 
been  so,  several  of  them  have  been  so  far  disjoined  by  time,  ian»- 
gunge,  and  climate,  by  manner  of  education,  manners  and 
opinions,  and  divers  olhcr  prejudices,  thtit  it  could  JttOt  bt 
Iptpected  it  should  make  any  considerable  progress/' 
'  Yet  the  eilect  of  such  studies  upon  the  mind,  and  especially  in 

£ laces  appropriated  to  public  eduoatioB»«and  in  eoEi  age  ¥fhm 
dse  philosophy  and  irrdigion  have  beea  ao  alarmii^y  moH^ 
Ifaatad^'inay  ipevhapa  aeeare  tor  tbem  a  mare  favourable  reaeptiot^ 
»ince  ft  requirea  no  argmeet  to  prove  tbat  ihe  eWdeaees  i^'*iali^ 
^ioa-MMj^'^een  paoe,«nd  ale  progressive^  mith-  tbe  dteecavefi^ 
Jd  natural  ktiowiedge*  ^Afltor  a  long  life  etttweiy  -itoaoiod^to  4kfc 
MMiilHF  of rntinal  himvff  timiMUa  flaoed  evtr'  ibe  Ibiiri  Hif^te 
4mrj>ef  bia  tnuaaamwioaeriptioa  wbiiirb  i««flr^3i(ltmlaea^ 
^KKjr'f^^be  froifd  <Qff  every  epptea'^tig  atadeHt  a  <6io<a^¥keteti«i^Wi> 
#Wtb;  ImiMiiHfMtd!  ^ihiten  il^tl*^ 
fiwriBg  tbM  wt  belbttelbe  Seciety'die  M(m  tfeaign  imd^bj^ 


ifTfntrrt  rriiiai  awin  iff  tunnti!  rmiim|tn  i  in  mwiineiwi  nniitr/y^ 


4^'^iAtmamiit§  BiMfrwtiaaviikf  aaM«ry<ai#idi^  ijmmff^ 
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I9f4ts  Institution,  thfttJouncii  be^^to  cnll  the  attention  of  thia 
*ll»etrn<^  to  x;on«iderdtions  of  a  subordinate  nature.    It-will  be 
^liecessary  to  provide  some  pltice  in  which  the  future  mee'tr^g* 
Itis^  be  held,  and  where  a  repository  may  be  formed  for  the 
fireservation  not  only  of  the  archives  and  records  of  the  Society, 
out  s^ltta  of  such  document^,  book«,  and  specioien^y  of  maiinti 
listory,  dft  may  hercafl^r  be  presented  or  purobaMcL  Xh^ 
utmost  ecMKUMoy  will  at  jpreaent  be  requisite  in  tbe  mftnayment 
of  the  Soeiety's  funds ;  and,  therefore,  if  the  consent  of  the 
fiaMmettgr  eoiiM  be  obtaiMd,  it  #oiikl  be  highly  €be«treble*liHet 
the  expenses  of  prwitin^^tiw  Soeietyis  TmnsceiieM^  shookd'te 
^efragwd  by  tfae'Uni'Persity.'^  'fiisRdyal  Hij|btte8S^>Cham«ilor 
bas  accepted  of  the  office  of  Patrovi,  :antl  iiis-letler,  «<Nilatmttg 
Vi§  exfireAsiofi  ctf  iiis  approbation,  will  be  read  by  one  of  Hhe 
Secretaries.    The  present  Vice-Ciiancellor,  our  High  Steward, 
4>oth  our  representatives  in  Pinlitiiucnt,  and  many  other  distin- 
guished  niembers  of  the  University,  wlio  are  not  resident,  haiie 
Also  contributed  towards  the  undertaking ;  and  there  is,  there- 
fore,  every  reason  to  hope,  that  the  Graduates  of  this  XJni- 
•versity,  who  associated  for  the  Institution  of  the  Cambridge 
Philosophical  Society,  by  their  assiduity  and  diligence  in  its 
support,  and  by  their  conspicooiis  zeal  for  the  honour  and  walk 
being 'of  the  ti  ni versity ;  wltr  ptote  to  other  tines>  that  thar 
&tss  and'theiB.sladies  ^venet  bee|i  in  vain* 

.'  •  '■■  '■  Aiwioui  xv.ii.     ,••  ••  '■; 

'  )S€IENT1FIC  INTELLIGENCE,  AND  NOTICES  CM?  S-UBJ^CT*- 

•i.  Hoiice  of  some  new  Minertds  from  Finiandm  ^By  M*  Jtfiltn,  .of  .Abe. 

^As  ^rfy  infcmnation  cdntribilting  to  promote  the  knowledge  tdjt 
^iltlerttls  will  probably  be  agreeable  to  yftarteaiders,  I  submit  to  yiwir 
^WttHWal  a  brief  ttoiice  of  ail^^  imrestigivtion,  made  by  Mr.  N.  Nordeft^ 
•sftiSld.t  of  ^he  cryitiiHlfie«f<t>ftn  and  r he  i^heotical  constituents  "of  ^eveHI 
<Binniih  mtn«raU,  among  wbieh  the  itooSt  teestttly  discovsred 
istnanzorit  and  pyrallolit. 

tR»m/r/r«r/w7.-^  Vl/Nonri^ktold'hrn  named  this  HOW  tiihwencd  afbfisr 
^ount  UomanEOff,  who  is  well  kmHKn  to  promote  scientific  pursuits  la  * 
^f>ncTaI.  with  unbounded  liberality,  and   nose  attention  and^eneros^f 
^  particular,  contribute  to  investigatiolii  idating  to  ;the  mmeral^gl^ 


t  Mr.  Nordenskiold  IS  a  Finlanf!  gerulcman,  a  pupil  of  Berzelin?.  Tic  publish e4 til 
^l>^whes  a  *w  iSMnthfiiijice  in  ft  |»m  entitled,  Bidra|^tiU  nannore  Kann^W* 
if  FmlAbUs  iiioftaligi  or  Qeo|piCNiic>''  from  v^iich  this  romm\inicaiinn>it^  ta|iipl^u4 
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This  mineral  is  found  in  the  lime  quany  ^  Kiilku  at  Kiiaili^  Ift 
.Finland.  The  colours  of  thtt  mineral  are  brownt  brownish-yeilow,  mk 
blackish-brown.  It  occurs  compact,  sometimes  in  crystalline  planeSy 
which  indicate  the  rhomboidal  dodecahedron  with  replaced  edgesj: 
there  seldom  occur  more  than  one  perfectly  crystallized  plane  with 
parts  of  the  others,  they  incline  at  an  angle  of  l^iO®to  each  other. 

I  he  fracture  is  small,  coDchoidal,  splintery,  and  strongly  resemble^ 
that  of  common  resin. 

The  crystalline  planer  are  highly  splendent;  the  crystalline  transi- 
tion planes  sometimes  shining,  sometimes  duli ;  the  lu&Lre  is  greasy. 
When  broken  of  the  fragment,  have  a  lustre  between  the  vitreous  and 
resinous;  wlun  itiin^  they  are  translucent. 

Hard;  brittle;  give  sparks  with  the  steel:  scratch  glass  and  feldr. 
^ar,  but  are  scratched  by  quartz. 

The  specific  gravity  of  this  substance  is  3  6096  at  GO^  Fahr.  It  is 
of  liglit-ycilow  wlicn  powdered. 

It  melts  without  eiiei  vescence  in  the  interior  flame  of  the  blow-pipe, 
ffiving  a  button  of  the  same  colour  as  the  mineral,  except  when  the* 
mmc  is  smoky  when  it  is  blackish. 

*  Five  grammes  analyzed  in  the  general  way  by  fusing  with  carboMEte 
of  potash  and  dissolving  in  muriatic  acid,  yielded 

Silex   41-2* 

Lime   2V76 

^  Alumine  I,..  2+08 

*  *  •        '       Oxide  of  iron  '   7  02  , 

Magnesia  and  oxide  of  manganese.  0*92 
\  Volatile  parts,  and  loss   1*93 

# 

Neither  the  magnesia  nor  the  oxide  of  manganeee  appear  to  beloflg ' 
tQjthe  chemical  constituents.  The  oxygen  in  the  lime  »  three  times; 
the  oxygen  in  the  alamine  ^ve  times,  and  the  oxygen  in  the  silex  nine 
times  the  quantity  of  the  oxygen  in  the  oxide  of  iron,  the  mineralogical 
formula  ofcourse  will  besFS  +  SCS  +  5A8,or(FS+.2A9» 
4^  3  (CS  H-  A  S).  .  • 

FjfrailoiiL'-^A  new  mineral  belonging  to  the  talc  f\imily. 

Among  the  minerals  found  in  the  lime-quarry  of  Storgnrd  in  the 
.{»oint  ot  Pargas,  there  is  one,  which  at  first  was  considered  to  be  crys^ 
"tallized  talc.  It  has  the  singular  propensity  of  blackening  before  the 
blow  pipe  at  a  low  red-heat,  and  it  afterwards  becomes  white  at  a 
higher  temperature.  It  occurs  in  opaque  sparry  limestone  accon^pa- 
jiied  with  feldspar,  augit,  skapolit,  moroxit,  and  sphene,  and  particu- 
larly crystallized  with  augit,  which  mineral  often  thinly  covlps  it.  His 
Excellency  Count  Steinheit  who  has  examined  the  quan  ic  ^  of  Parga 
with  the  greatest  care,  and  to  whose  zeal  the  mineralogi.^t  is  indebted 
for  the  discovery  of  most  of  the  new  i  innish  nunerais,  wa&  aibo  the 
£rst  who  gave  attention  to  this  mineral. 

This  mineral  is  found  in  crystalline  masses,  and  indistinct  crystals  of 
four  varieties  of  form. 

:Sn  quadrangular  prisms,  of  which  the  angles  are  94°  36'  and  85"  24^, 
and  which  are,  therefore,  slightly  rhomboidal,  the  opposed  lateral  planes, 
UId  mnA  twoi  difo  m  breadth ;  the  plane  M  and  its  opposite  plane 

}F|ite  V),  fig.  9,  being  much  broa4er  than  T  aud  its  opaosite  pko^ 
wUlWASf.    ,  .        ..  . 


ft 
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mhd  i  IttieiligBittt.  2dS 

Fig.  10  differs  froin  fig.  9  only  bj  the  addition  of  the  little  planes  n  : 
»on  T 131**  SO*.  ^  • 

Fig.  11,  P  on  /  129''  11'.  The  plane  P  is  at  right  angles  to  the  axis 
of  the  prism.  * ' " 

.  Fig.  12.   In  tkii»«lli«  pl«BM  n  of  fig.  10  are  aeM  in  cotAMnatiod. 
Pand/of6g*lh   nonPlS»^W.  .  * 

The  cmtala  aekUrai  pccur  perfect;  they  Tary  in  alse  from  very 
tmall  to  the  length  of  I  and    inches,  S^lOths  to  4«l0ths  of  an  inch  in^ 
hroidth*   Tba  mloiir  is  soroetiiiies  greeniih.   By  long  expoMire  -ta 
air.  and  li^t,  the  ooloiired  crystals  become  perfeetly  white.  TMr* 
lariace  ia  dtdl.   Tlie  lustre  greasy.   FF8cttire»  doll-earthy.  Trana-- 
lucent  only  when  in  tbin  Jaminse*  The  ciyetalii  are  more  or  iesa  cote- ' 
feat:  some  jreadiiy  crumble,  and  are  then  unctuous  to  the  touoh); 
others  are  harder,  yielding  to  the  knife  hut  not  to  the  nail,  and  ML"' 
thitt  hasali  ia  thefmauro.  Theaame  crystal  is  soaMthneahard  ia  ona 
end,  and  not  at  the  other.   It  seems  to  harden  tn  the  air.  By  fracturi 
three^sided  prisms  are  veiy  easily  obtained.  •  Jta  spectfic-  gravity  la 
8*555  to  • 

The  powder  put  upon  a  red-bot  spoon  phosphoresoei  with  a  bright. ' 

bluish  light. 

When  heated  with  the  blowpipe  at  a  litUe  below  a  red  heat,  ii| 

becomes  blackish,  and  by  continued  exposure  to  this  heat,  it  is  reift-' 
dsred  white,  swells,  and  melts  at  the  edges  into  a  white  Enamel.  * 

It  melts  with  borax  readily  into  a  clear  glass,  which,  by  adding  a 
little  nitre  shows  i(races  of  manganese.  A  little  of  the  phosphate  of 
toda,  or  aiiimonia  added  to  a  button'  of  borax,  saturated  with  the 
mineral,  renders  it  after  cooling  an  opaque  and  white  enamel.  A  little 
piece  of  the  mineral  heated  with  glass  of  phosphorus  eifervescefe 
slightly  at  first,  but  they  eventually  combine. 

\Vitn  soda  it  melts  to  a  clear  glass;  with  a  > ellowi8h-greeB4ia§e^.' 
the  colour  is  mo»t  easily  distingulshe<l  upon  white  paper. 

^  The  analysis,  which  was  conducted  in  the  usual  mode,  viz.  by  lieat^- 
ingthe  fine  powdered  mineral  with  three  tumes  its  weight .carbouateoC^ 
J^t^ash,  dissolving  it  ia  muriatic  acid,  gave  * 

•  ♦ 

,     Silica...,  56-62 

Magnesia   23*38 

,1   -            Alumine,   3*38  : 

a  .  .Lime  

Protoxide  of  manganese   0  99 

.  .          Peroxide  of  iron   0  09    •          .     .  ■ 

i          .      Water   3  58 

r          .  ^  Bituimaous  matter  aud  loss  . 6*3$..  t. 

^  "  •  ■  .100100   .       .   ... . 

To  attempt  a  formula  for  this  mineral  before  it  is  determined  whe- 
ther tliL  bituminous  matter  belongs  to  the  chemical  coropositioa or  not : 
^OuW  certainly  be  premature.    But  it  may  be  observed  th^^.as'  the 
oxygen  of  the  alamine  and  limq  is  equal,  and  that  ojB  tha.  iUioa,  lu 
of  the  magnesia  six  tiroiss,  of  the  water  twifeb  th^^piaiiiity  ol^: 
in      aluwine,  the  ij)ro»^ia  Jik€ly.jto^iMl^A  S*  r¥  CS^ 
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reign  to  the  cbemical  coaipofutiun^ 

In  6om«|u<iW  tii»  >lqpaiw  tyroperiyt  of  this  mkieral  df  ^tht 
diange  of  colour  when  exposed  to  heat,  from  w  hire  to  ddrk  «wd4WNIi 

««l  and  •^'^y  was  given  toil. 

Mikt  hMt^eud  of  Deeember'la^t,  the  third  of  the  new-^eatti 
«tii^nie».«rocled  on  itoOmtiUdated  minctf  near  'Redrath,  in  Comw«fl, 
4m.pat.to  work ;  and  n*  two  of  Uiene  machifies  are  of  a  larger ^^te 
^Smn  wm  mer  htfott  attempted,  and  as  the  crnicern  H  one  of  in^at 
iflBiteat  and  latemt»  >iaime  ttccoont  \0f  4t*«iay 'be  acftepttf>)e-tv  o>6dP 
iMders. 

.  'ike  andartaklm^  ncindaa  fnar  or  five  copper  mines  nearly  ad  jam- 
dag,  antl  on  the-sanie  Tcinsy'formerly  M^orlced  veiy  fmifitabiy  in  distin^ 
fportiooi,  until  owing  to  difBcolties  in  pumping  the  water,  ftnd  other 
cirrumstance*,  they  were  gradually  abandoned  about  1^6  yeani  shice* 

The  itnpraveawnt  in  the  use  of  steam  power  «ince  that  period  is  a 
prominent  reason  for  expecting  advantage  to  tho«5e  who  have  had  the 
Mpifit  to  renew  the  workings,  though  there  are  many  others  whi(^h  ar^ 
«laii|KMrtant,  sudh  as  increased  skill  in  the  management  of  mining  pro- 
cesses, and  a  reducti^m  in  the  cost  of  l?bour  and  those  materials  which 
mre  most  hi r ge ly - co r>su med .  The  present  company  have  enpig-ed  a 
icapital  of  about  G5,(XK)/.  in  the  concern,  imd  ilie  whole  tsunder  tili 
mnagement  of  Capt.  Wi!Ii;im  Davey  and  Mr.  John  Taylor. 

The  extent  of  iiTiderirround  workiiij^s  to  be  drained  is  very  consider^ 
able,  running  for  about  a  mile  in  length,  and  reaching  at  the  lowest 
part  to  a  depth  of  about  1  fathoms  under  the  adit,  or  ierei  bjTWhidll 
jhe  water  is  discharged  towards  the  sea.  ' 

To  keep  the  whole  of  these  excavations  dry,  and  to  enaWetheroiniai  '■. 
itb  be  sunk  deeper,  three  engines 'have  been  erected  by  Mr  Arthur  ] 
Woolf.    One  at  the  western  extremity  of  the  ground  Iraving  a  cylinder 
of  70  Indies  diameter,  which  woiks  a  pump  about  60  fathoms  de^  j 
and  two  oiliers,  which  we  mean  particularly  to  notice,  are  situated  one 
Bear  the  centre,  and  the  other  at  ilie  eastern  end  of  the  concern.  i 

These  engines  have  cylinders  of  9()  inches  drameter,  the  pistons 
make  a  stroke  of  20  feet  in  the  cylinder,  and  tlie  centre  of  the  beams 
18  so  fixed  that  the  rods  make  an  eight  foot  stroke  in  the  pumps*  thus 
they  are  able,  at  the  coni'iion  pressure,  to  raise  a  load  of  8.5,0(K)  lbs. 
Each  of  the  engines  is  furnisiied  with  six  wrought-iron  boilers  for  pro- 
ducing high  prewure  steam,  which  is  applied  in  (lie  mode  usually  called 
expansive  by  engineers,  and  is  condensed  in  the  coauiion  manner. 

Three  boilers  are  connected  i^o  as  to  be  heated  by  two  fires,  and  are 
tufiicient  to  work  the  engine,  leaving  three  others  to  be  applied  when 
Ihoie  which  have  been  in  use  are  cleansing  or  repairing 

(FheaoMMmmte  onginea  are  executed  in  a  very  beautiful  manner,  and 
#«liiWt4miifinbfo  hMllsiitMit  of  accucate  worksmnship  and  aoiind  ctf« 
mtkaiuu  Though  ;ihey  etMatA  in  *powfcr  'dil  ^  ofheia  *tlittt  -bm  hm 
'lMtewnrtfii«t44l,mnll  «f  ciMwe  evei^^paitis  ttfwdhiieiMhm'foriiKiA 
flnm  if  aiDYpmiicitt,  yet-aa^'haa.^llmn'the'tet.'porftirnMSlI  ha  oBM 
«li(hc^      Hag  ooaihhMitian^k  an  {Mt^^tlMi^tlie'iiiMaaMM^eqadl^ 
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and  free ?froiin  jar  or  concussion.  The  engines  hnve  worked  repeated Ij 
for  lUiv^i  the  rale  of  VI  and  l.S  sirokes  a  minute,  and  the  whole  ha« 
gone  as  snioothly  as  if  a  fly  wheel  regulated  the  itnpuUe.  ^ 
.  The  efieot;ofihefif8iof  these enghves,  or^  as  it  is  called  in  Cornwall, 
the^dtity,  has  been  regularly  caloolitted  by  lhe|>erson  appotnted  for  that 
purpe^e,  and  has  been  pabitabed  in  the  moiiibly  report. 

it  was  fmHid'to  Iwv^  contiMm^  abbut  3»M)ClbnsbeU  of  coal  in  35 
days,  or  II  I  bnahels  per  day,  and  the  dftct  had  been  that  of  raisingr 
Si5ttMXX»lil».ofwMby^aeh  bwhel  of  eoalt  which  b  ralber  mpre 
tlun  was  done  in  the  same  period  l«j  any  eagine-of  stiaihur  cooatrac* 
tisn. 

It  may  be  worth  mentioning  the  weighta  of  iiome  of  tha  principal 
g^HPta  of'one  of- these  large  machines.   The  cylinder^  exclusive  of  th^ 
oever-and  bcittcmi»  weighs  about      tons»  in  one  piece ;  itissurromidedf 
by,  n  caae.  of  still  greaier  dimensions*  The.  beam  with»  ita  gudgeon 
mgbp  neoflyli^  tons.  . 

The  pump  rods  in  the  shafljire  the  largest  mast  timber  that  coidd* 
be-procured,  and  are  IS  inches  square  to  a  considerable  depth  in  tho. 
thafb;  when  the  whole  ar^  attached,  thtsy  ,will  weigb»  with  the  ivon^ 
pktes^  which  connect  th^m  togethert  nearly  40  tons. 

WheiT'jt  ia  considered  that  to  thiii  latter  weight  is  to  be  added  that, 
of  the  column  of  water,  and  one  half  of  the  beam,  we  shall  find  nearly^ 
.  ^  tons  on  one  side  the  centre,,  and  of  oourse  a  correspoading  pressure 
ffrth^  other  side  to  counterpoise  it;  so  that  there  is  suspamded  on  thui 
l^geon,  and  movingfr^ely  upon  it»  nearly  200  tons* 

The  pbtim  fireaoentiy  passes  through  'i40  Toek  «very  aaanute^  anilh 
gives  a  correspondmg  velocity  of  motion  to  this  immense  mass <of  mat- 
ter, which  is  yet  regulated  with  a  precision  that  is  astonishing,  aaki 
which  acu  w  ithout  4^ooGUifiipn»  and.ffktoifciiliitiirtwinre^  .lo  the  wbof 
pans  of  the  machine. 

;  THer^axe  many  most  ingenious  improvenjents  in  the  construction, 
and  tl>e  arrangement  is  simple  and  complete.  The  whole  reflects  great 
cred  t  on  the  skill  and  ability  oF  Mr.  Woolf,  to  whom  Cornwall  has 
before  been  indebted  for  the  introduction  ot'sonie  of  the  most  important 

h»iw..beoiitil6Atthe>minesan  latee 
years.  ■ 
'  The  works  at  the  Consolidated  Mines  were  only  commenced  in  j^n.. 
lS19y  uiid  it  is  probable  that  in  a  ftw  wei  ks  the  water  will  be  all 
pumped  out ;  so  that,  this,  with  the  e^teii^ive  erections  for  various  pur«' 
[  Ooes  on  toe  surface,  which  are  such  as  to  reader  it  probably  the 
i^i^^'$t.and,p;^t  completQ  iiuaiogj?ltabiiiihntentriaitbu.wocid|jhaf!c  beea 

, ,,,,,  «i .  .  \        .  ' .% 

— — ■  • 

,  ARTICLE  XVIII;  ^ 

1111  »i  '  •■}.,•♦,  ■  '  ■  ' 

-  ■    NEW  SCIENTIFIC  BOOKS.  '    :      ' ' .'' 

'      1      .  PRR»AmNO   FOR    rUBLICATfOlf.  »•'';'■  ^, 

l)r. Leach  has  nearly  completed  his  Synopsis  of  I'ritish  MoHusca.  * 
-4ltt?0'Von  'Kotzbue*s  Narrative  of  a  V,)yn<:e  round  thcf^WoHd,  in* te- 
Hussian  ship  iievrictis  translatincplor  the  press. 
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.  ^EiemeDUfy  Jllustrations  of  the  CeleDiia]  Mechanics  .  of  >  Laptogj 
comprehending  the  First  Book,  for  SiudenlSy  io  the  MatheiiiatiG8»'  maj 
be  shortly  expected,  in  8vo« 

Mr  Wood  has  in  the  press  the  Linnean  Genera  of  Insects,*  illiii* 
trated  by  86  coloured  plates,  and  general  observatioiison  each  genus. 

Dr.  Forbes  is  about  to  publisli  his  Observations  on  the  Climate  of 
Penzance,  and  the  Districts  of  t!ie  Land*s  End.  in  Cornwa]]. 

Dr.  Henry  Reader  will  shortly  publish  in  8vo.  A  Practical  Treatise 
on  Diseases  of  the  Heart,  in  uhich  will  be  comprised  a  full  Account  of 
all  the  Diseases  of  that  Organ. 

Peptic  Precepts  :  pointing  put  .Methods  to  prevent  and  relieve  Indi- 
gestion, and  to  regulate  and  invigorate  the  Action  of  the  Stomach  and 
Bowels.    It^mo.    3.v.  hoards. 

History  and  Method  of  Cure  of  tlic  various  Species  of  Palsy,.  B/ 
John  Cooke,  MD.    8vo.    6s.  boards. 

Monthly  Joui  iial  of  i  upular  Medicine.  By  Charles  lladen,  Sqr- 
jgjeon.    No.  I.  Is.  6(i, 

'  Rome,  in  the  Nineteenth  Century,  containing  a  complete  Account 
of  the  Ruins  of  the  Ancient  City,  the  Reniaim  of  the  Middle  Ages, 
arid  the  Monuti^ents  of  Modern  Timi^s.  3  vols,  post  &vo.  IL  7s* 
boards.  '  t 

A  concise  Account  of  the  Origin  and  Principles  of  the  new  Class  of 
Sl-Pounder  Medium  Guns,  of  reduced  Length  and  Weight,  proposed 
10  IH  IS  by  Sir  William  Congreve,  Bart,  and  adopted  into  his  Majesty's 
Arvice,  8vo.  7s.  6d* 


Article  XIX. 
NEW  PATENTS. 

John  Sadler,  of  i^cnlington-place,  Lambeth,  for  an  iniproved  metliod 
or  process  ot  nianuiactuinig  carhonnte  of  lead,  formerly  denominated 
ceruse,  but  now  commonly  called  whitehead. — Jan.  3,  1821. 

John  Leigh  Bradbury,  of  Manchester,  tor  a  new  mode  of  engraving 
and  etching  metal  rollers,  used  for  printing  upon  woollen,  cotton,  linen, 
paper,  cloth,  silk,  and  other  substi  ncc  s.— Jan  9. 

,  Robert  Sahnoii,  Ksq.  for  iinpruvtiaicnts  in  the  construction  of  instru- 
ments for  the  relief  of  hernia  and  prolapsis  ;  which  instrument,  so  im- 
proved, he  denominates  scientific-principled,  variable,  secure,  light, 
easy,  elegant,  cheap,  and  durable  trusses. — Jan.  15.  * 

John  Frederick  Daniell,  Esq  of  Gower-street,  Bedford-square,  for 
improvements  in  clarifying  and  refining  sugar. — Jan,  15. 

Abraham  Henry  Chambers,  Esq.  of  Bond-street,  foran  improvement 
in  the  manufacture  of  building  cemenl,  comporition,  stucco,  or  plaster, 
by  means  of  the  application  and  combination  of  certain  known  mate- 
nab  hitherto  unused  (save  for  experiments)  for  lliat  purpose.'— -Jan.  15. 

Charles  Phillips,  ot  Albemarle«4treet,  commander  In  the  royal  nsvjf 
for  improvements  in  the  apfiaratus  for  propelling  vessels^  and  improre* 
mentsm  the  construction  of  vessels  so  propelled.— Jan.  19. 
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Article  XX. 


METEOROLOGICAL  TABLE. 


Wind. 


Bauometer, 
Max.  Min. 


■  •:    f  - 


1 
2 
3 


■'1 


£ 
£ 
4|N 
ipj*  -  •£- 
'£ 


7 
8 

9 
]0S 


■  15  S 

16 

S 

s 

s 


N 
£ 
£ 


29-97 


2.9-45 


J9-,s()  og-53 

29-45  29-27 
29*28  'J9'25 
29  28  29  26 
2p-26  2909 
29"  15  29  04 

29*  r6  29- 1 3 


2+ 
25 
26  N 

27 

28 

"2^)'S 

30 
'31 


'^9-77 

29-  77 

30-  lb 
3(1-25 


'il  E  J9  2()29-I4 
12  29'5'2Q9  26 

IS  W  29-5? '2.9-41 
14  N  E  30- 1 2  29*41 
E'so  12 
W  bo- IS 
17  s  \V:30  2j 
l.s  S  W|30-31 
I  f)  S  W '30  32  30-31 
2(      W    ;30-60  30  32 

21  Var.  |30-6l|3060 

22  N     W  30  6930  61 

23  N     E  iO  7n|30-67 
E  30-67  30  60 

W  30-6()'30  5(i 
E30-58'30-44 
E      3U'4i  30-29 
S     '30  29  30  2b 
E  30-29  3(»-2() 
S      \V  ;]i;*J();.-)()-22 
S  W303b30ob| 

•  — H — 

5070I2904; 


1"Hi:i{Mi»,\lKTF.ri. 

1 

Max, 

Min. 

£vap. 

Rain. 

1>  a.m.t 

V 

-1 

31 

23 

61 

30 

22 

61 

32 

24 

57 

31 

25 

5o 

37 

29 

60 

41 

33 

83 

39 

34 

V 

80 

45 

34 

70 

S9 

43 

37 

96 

> 

44 

37 

MM* 

17 

99 

46 

38 

28 

100 

c 

51 

44 

05 

94 

51 

41 

70 

42 

30 

1-20 

80 

f 

49 

33 

42 

90 

A  Q 

J+ 

77 

46 

39 

91 

52 

4.5 

25 

-02 

92 

0 

4S 

40 

92 

50 

28 

05 

.  63 

r 

44 

28 

70 

45 

35 

73 

40 

27 

80 

36 

28 

91 

<i  ' 

AS 

34 

94 

r 

45 

34 

77 

3S 

32 

78 

35 

30 

84 

45 

30 

90 

50 

42 

94 

jl 

44 

35 

84 

52 

22 

60 

!  2  69!  100— 56 

1 

^he  observations  in  each  line  of  the  table  apply  to  a  peiiod  of  twenty-four  houn. 


^  ooservations  in  each  iine  ot  the  table  apply  to  a  peiioa 
2fB">i>^  at  9  A.  M.  OD  tiho  day  Indintcd  In  toe  lint  cdumn. 
■sicnQtli  Indttded  in  the  not  sdJowiiig  obiemition. 
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Firtt  MontIi,^[.  A  strong  odd  wiml.  ^ — 4.  Cloudy:  bleak.  5.  MoflMBg  tmi 
ifboat  two  incbo  of  anow  in  the  trrmang^  fitfttved  bj  hail  aDd  nia,  whidi  lhawdi 
Biiii/  aO  of  it  befon  moiniag.  6i.  doadjt  die  thaw  eontiaiiJiig.  7.  Cbod^. 
8.  Rhe:  doudy.   9.  Faggy.    \tk  Peggy:  doady.    11.  Rainj.    \%i  Rsinj;  fine- 

at  intervals.  1^.  Cloudy:  very  rainy  nighu  II.  Rainy  day:  a  lunar  corona  in  the 
ffTffni"g-  1^1  Cloudy:  tine  at  intciyala.  \7w^W.  Cloud|r«  SflLCiw^s.aJlMfti 
eomia  in  the  eveoing  nunmnded  by  a  laigehalo.  SI.  FoggjnManiiigs  ti n j  ftnii  Aft 
SS.  Oloomy:  fine.  S3.  Fine.  (Tbe  obaeTYadon  on  the  hemneter  hm  gSvwi  ia  Ihaa 
Ae  oae  wiudi  is  amstuitly  r^giitaEed.  Two  olfaen,  probably  lew  peifeetly  adjusted, 
were  found  to  stand  respcctivdy  at  and  30-95  inches;  the  dock  baTomet^r  at 

Tottenham  gives  the  muxm  usn  ut  about  30  7b  indies;  the  whole  at  noon  on  the  Sid4 
Qioopj:  ftiggj.    S^-  l>m.    S6.  aoudy.    S&  IMtto.    S5..F(^:  ndrty* 
-tt.  lfiiH»  fljcar  "Yf^^B  ^  finedegr.  2MI,91,  Flat. 


Baraopeler;  Mean  hdgjiit 

For  the  month   29-939  indwi- 

Jtothe  lunvpenod,  endilig  ihe  ^aOi  S9«^ 

I'or  IS  days*  ending  tbe  M  (taioon  Mmdi)  • .  .SlHi6B 

For  14>daji|.eQding.the  2£d  Cracon  north) .   S9f883 

nennoioftert  Meanbdght 

Forthemooth  ••..4,  «««  ••««.  38*liK^ 

FerlSi^lanarpidod  S8M 

For     dajtf^  the  8uji.ia  Q^pricorn  ••••••••«•••,•,,••  Sd^fiid 

Efai^atHifk    O^in. 



Jtfean  of  hygrometer.  •  81^ 

X 

IdADralori/,  Utrutjordy  Second  Mouthy  SO,  1831.  ||»  BOWAUL 
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APRIL,  1821. 


Article  I. 

  * 

Experiments  to  determine  the  true  Weight  of  the  Atoms  of  Copper, 
Zinc,  Iron,  Manganese,  Nickel,  and  Cobalt.  By  Thomas 
Thomson^  MD.  FKS. 

In  two  papers  published  in  vol.  xvi.  of  the  Annals  of  Philo'^ 
sopAy,  p.  327,  cuid  in  the  first  number  of  the  JN  ew  Series,  1  have 
shown  by  experiments,  which  to  me  at  least  appear  decisive^ 
that  the  atomic  vvei2;hts  of  the  14  bodies  which  constitute  the 
subject  of  these  papers  are  as  follows : 

Oxygen  =  1.         Hydrogen  «  I« 

.   Kitric  acid .   6*75  64 

Sulphuric  acid  «  6*0    40 

]V]  uriatic  acid   4*625    37 

Chromic  acid*    6*5  52 

Arsenic  acid  •  •  •  7*75  62 

Phosphoric  acid   3*5    28 

Potash   6  0    48 

Soda  4   4*0    32 

Barytes   9*76    78 

Strontian   6*5    52 

Lime   3'6    28  . 

Magnesia   2*5   20 

Silver   13-75    110 

Lead   13*00   .104 

The  process  which  I  Ibliowed  succeeds  also  with  the  sulphates. 
New  Series,  yoh»  u  Q 
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of  the  metals,  whose  names  are  affixLcl  to  the  title  of  this  essay, 
and  has  enabled  me  to  determine  their  atomic  wei<rhts  with  equal 
precision;  but  with  mercury,  bismuth,  and  tin,  suuie  modifica- 
tions will  be  requisite.  The  difhculty  with  respect  to  mercury 
ig  to  obtain  its  nitrate  porfectly  free  from  water.  The  chlorides 
of  till  and  of  bismuth  are  easily  procured  in  a  state  of  dryness  ; 
but  when  thus  freed  from  water,  I  could  neither  dissolve  them 
completely  in  nitric  acid,  acetic  acid,  or  water  ;  and  the  addition 
of  muriatic  acid  destroys  the  precision  of  the  process. 

My  object  at  present  is  to  relate  the  experiments  which  I  have 
made  to  detenpinor  tlbe  weights  #f  the  atoms  of  the  six  metals 
whose  names  are  enumerated  in  the  title  to  this  essay.  The 
following  table  exhibits  the  atomic  weights  of  these  bodies 
according  to  the  best  experiments  hitherto  pubhshed. 


Dalton.* 

yV'oilasLon.  j- 

Prout.  § 

Thomson. 

"Copper.  • . . 

7-0 

4-0 

7-9139 

4-0 

8-0 

7-0 

41 

8-0645 

4-0 

4-25 

3-46 

6-7843 

3-6 

3-5 

Manganese 

5? 

7-1157 

7-115 

3*t3 

Kick  el . . . . 

3-125?  01- 

7-3951 

3-65 

3-25 

Cobalt  , , , . 

6-876  ? 

7-3b(J0 

3-66 

3-25 

The  numbers  Liiven  by  Berzelius  being  alone  (except  my  own), 
deduced  from  original  experiments,  it  will  be  worth  while  to 
compare  them  with  mine ;  but  to  tit  them  for  that  comparison, 
it  wul  be  reqiiisiAe  to^  divide  all  of  them^  exoept  the  firsl^  by  2. 
Thit^gim  m  their  weighAs  as  follows : 

Copper  7-91390 

Zinc   4-03225 

Iron   3-39215 

Manganese   3*55785 

IVickel  3-f59755 

Cobalt   a-6y000 

The  long'  train  of  decimals  attending  almost  every  one  of  these 
numbers  is  sutHcient  of  itself  to  reiicier  their  accuracy  suspicious. 
Kaluie  IS  nut  woiU  to  indulge  in  such  complicated  relations. 
Indeed  the  very  ^iiuj)le  numbers,  which  we  have  already  obtained 
for  the  atomic  weights  of  the  14  bodies  iormerlv  exauiuied,  lead 
almost  irresistibly  to  the  conclusion  that  the  same  simplicity  will 
be  fonnd  to  pervade  the  weights  of  all  the  simple  bodies  in 
nature.   We  shall  see  immediately-  at  least  that  the  law  holds 

«  New  Sytiaoi  of  Cheuxi&try,  p.  i>l6L   I  hftTe  divided  his  numb«r  Imt  9m 
f  FhO.  TfeUMU  1814,  jK  IS. 

$  Essai  Hur  la  Theorie  dcs  Proportions  Chinilqpes.    TVlbfe  at  the  end. 
^  JnnahofrhMlMoph^^yiu9M,  AI<iit4i£iiii]Mimbci«  ttc  dfidnoed  ftom 
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most  admirably  as  far  as  the  bodies  at  present  under  our  renw 
are  concerned. 

I.  Copper^  ' 

It  will  be  seen  from  the  preceding  table  that  Dr,  Wollastoa 
and  Dr.  Prout  consider  the  weio:ht  ot  an  atom  of  copper  to  be  4^ 
while  I  make  it  8.  Both  the  uunibers  of  these  gentlemen  and 
my  own  aie  deduced  from  the  sulphate  of  copper,  or  blue  vitriol, 
the  crystals  of  which,  by  a  careful  analysis,  I  have  found  coii^ 
jposed  as  follows : 

Sulphuric  acid  •  10*00 

Peroxide  of  copper   10*00 

Water  11-25 

31*25 

From  this  it  appears  that  the  salt  contains  ec^ual  weights  of 
add  and  base,  and  that  9-25ths  of  its  weight  is  water.  Nov 
the  weight  of  an  atom  of  sulphoric  acid  being  5,  it  is  obvioocp 
that  if  we  consider  blue  vitriol  a  compoimd  of  one  atom  acid  and 
one  atom  base,  an  atom  of  peroxide  of  copper  will  weigh  5 
(exactly  the  same  as  sulphuric  acid),  and  consequently  an  atom 
of  copper  will  wei^-h  4.  This  is  the  reasoning  which  led  Wol- 
laston  and  Prout  to  lix  upon  4  for  the  atomic  weight  of  copper- 
On  the  other  hand,  I  am  of  opinion  that  blue  vitriol  is  a  bisul- 
phate  of  copper,  or  a  compouna  of  two  atoms  of  sulphuric  acid 
and  one  atom  of  peroxide  of  coffer,  and  that  its  compositioa 


may  be  thus  stated : 

2  atoms  sulphuric  acid  =  10*00 

1  atom  peroxide  of  copper   =  10*00 

10  atoms  water  =  11*25 

31-25 


If  this  constitution  be  admitted,  it  is  obyioos  that  act  atom  «f 
permdde  of  copper  must  weigh  10,  and  consequently  an  atom  ef 
^pper  8.  Now  die  reasons  that  lead  me  to  condudatbat  bfasft 
vitnoL  is  a  hnulphate  of  copper  are  the  foUowiog : 

(1.)  It  is  wdi  known  that  copper  fonns  two  oxides  with  oxy- 
gen, the  red  and  the  blacky  and  that  the  oxygen  in  tba  Mack 
^nnde  is  prectsdly  double  that  in  the  red  oxide.  Hence  I  thmk  it 
Skeiy  that  the  protoxide  is  a  compowMl  of  one  atom  copper 
^  atom  oxygen,  and  the  peroxide  of  one^  atom  copper  +  taro 
•toms  oxygen.  If  this  be  admitted,  an  atom  of  copper  must 
^igh  8,  and  the  composition  of  the  oxides  will  be  as  roUows  ; 

Protoxide  •  8  copper  +  1  oacygea 

Peroxide   8  +2 

Dr.  Woilaston  and  Dr.  Prout  must  consider  the  Uack  ozid^ 

q2 
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of  copper  as  a  compound  of  one  atom  copper  4-  one  atom  oxy- 
gen, and  the  protoxide  as  a  compound  of  two  atoms  copper  + 
one  atom  oxygen;  so  that  their  constitution,^ according  to  this 
view  of  the  subject,  is  as  follows  : 

Protoxide  8  copper  +  1  oxygen  * 

Peroxide   4  -fl 

I  consider  my  view  of  the  subject  as  more  simple  and  more 
conformable  to  the  analogy  of  other  metals. 

(2.)  Blue  vitriol,  how  frequently  soever  we  crystallize  it,  or 
how  carefully  soever  we  wash  it,  always  reddens  vegetable  blues,  - 
and  of  course  contains  an  excess  of  acid.  Now  most  of  the  salts 
containing  two  atoms  of  acid  united  to  one  atom  of  base  that  I 
am  acquamted  with,  have  the  property  of  reddening  vegetable 
blues.  This  is  the  case  with 

.  Bib ulp hate  of  potash, 

Bisnlphate  of  soda, 
^  Bitartrate  of  potash, 

Binoxaiate  of  potash, 
Alum, 

n^d  various  other  bisalts  which  will  readily  occur  to  the  recol^ 
lection  of  the  practical  chemist.  Blue  vitnol  then  possesses  the 
characters  of  a  bisalt.  Hence  it  is  reasonable  to  conclude  that 
it  is  a  compound  of  two  atoms  of  acid  and  one  atom  of  peroxide. 

(3.)  There  exist  other  two  sulphates  of  copper  besides  blue 
yitriol,  both  of  whicli  I  have  repeatedly  obtained. 

If  you  dissolve  31-25  grs.  of  the  cry.stals  of  blue  vitiiol  in 
v?ater,  put  into  the  solution  10  grains  of  peroxide  of  copper  in 
the  state  of  a  fine  powder,  and  digest  the  whole  in  a  retort  on  a 
sand-bath  for  two  months,  the  whole  of  the  ovide  gradually  dis- 
appears, the  solution  becomes  colourless,  and  a  green  coloured 
powder  is  deposited,  which  is  a  neutral  sulphate  of  copper;  for 
it  contains,  as  is  obvious,  twice  as  nmch  peroxide  of  copper  as 
l)lue  vkriol.  This  neutral  sulphate  has  no  effect  on  vegetable 
l)lue8,  and  is  insoluble  in  water;  but  it  dissolves  easily  m 
muriatic  acid.  If  we  analyze  it,  we  shall  iind  it  to  consist  of 
one  sulphuric  acid  -f-  two  peroxide  of  copper  by  weight,  and  a 
certain  quantity  of  water,  which  I  have  not  determined  with 
accuracy. 

If  into  a  solution  of  blue  vitriol  you  pour  a  quantity  of  sulphiu* 
ric  acid,  and  evaporate  the  liquid  suflicieotly  in  a  Wedgewood 
dish,  a  salt  is  deposited  in  small  irregular  crystals  having  a  much 
lighter  blue  cdour  than  blue  vitriol,  a  much  more  acid  and  acnd 
taste,  and  acting  more  powerfully  on  vegetable  blues.  This  salt 
is  slowly  deliquescent,  and  from  the  few  trials  to  which  I  have 
-subjected  it,  I  have  reason  to  consider  it  as  a  perquadrisulphate 
of  copper,  or  a  compound  of  four  atoms  of  sulphuric  acid  and 
one  atom  of  peroxide  oi  copper. 
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The  existence  of  these  three  salts^  similar  to  the  oxalate^ 
binoxalate,  and  quadroxalate  of  potash,  and  in  some  respects 
similar  to  the  triple  oxalates  of  potash,  soda,  ammomai  and 
copper,  discovered  and  analyzed  by  Vogel,  of  Bareuth,  leaye 
little  doubt  in  my  mind  that  the  true  atomic  weight  of  copper 
is  8. 

(4.)  The  common  green  permuriate  of  copper  is  a  compound 
of  one  atom  peroxide  of  copper  and  two  atoms  of  muriatic  acid^ 
for  when  10  grs.  of  peroxide  of  copper  are  dissolved  in  muriatia 

acid,  and  the  liquid  evaporated  to  dryness,  a  brownish  yellow 
coloured  mass  remains,  which  weighs  exactly  17  grs.  It  is, 
therefore,  a  perchloride  of  copper  composed  of 

1  atom  copper.   »  8 

2  atoms  chlorine  =  9 

There  exists  likewise  a  protochioride  of  copper,  described  by 
Boyle  under  the  name  of  rosin  of  copper,  and  since  particufaa^ 
described  by  Proust,  Cheneyix,  and  by  Dr.  Davy  who  BXk^ 
alyzed  it^  and  showed  it  to  be  a  compound  of 

1  atom  copper  =  8*0 

1  atom  chlorine  « •  •  •  =  4-5 

12'5  *  : 

(5.)  There  is  reason  to  conclude  from  the  experiments  of  Bei^ 
veliusi  that  sulphuret  of  copper  is  a  compound  of 

Conner..:  « 

Sulpnur  2 

10 

So  that  an  integrant  particle  of  it  weighs  precisely  as  much  as 
the  peroxide  of  copper.  Now  it  is  well  known  that  an  atom  <f 
sulphur  weighs  exactly  twice  as  much  as  an  atom  of  oxygen* 
flence  the  sulphuret  must  be  a  compound  of  one  atom  sulphur 
+  one  atom  copper ;  and  if  so,  an  atom  of  copper  must  weigh  8. 

I  shall  now  proceed  to  show  that  the  composition  of  blue 
vitriol  is  exactly  as  I  have  stated  in  a  precedmg  part  of  thia 
essay;  namely^ 

2  atoms  sulphuric  acid  • .  •  •  s  10*00 

1  atom  peroxide  of  copper  ^  10*00 

10  atoms  water  11'26 

31-25 

The  reader,  by  turning  to  a  former  paper  of  mine  {Annuls  of 


t 

4 
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Philosophy,  xvi.  330^  will  find  that  chloride  of  barium  is  com- 
posed oi' 

i  aloru  chlorine.  ........  =  4*5 

1  atom  harium   =  8*75 

13-25 

And  that  when  Ais  salt  is  disaolved  in  water,  it  becomes  muriate 
<tf  barytas  composed  of 

1  atom  muriatic  acid  ....  =  4*625 
1  atom  bai^  tei   =  9*73 

14*376 

Dissolve  in  a  minimum  of  distilled  water  31*25  grs.  of  blue 
Titrioly  quite  pure,  dry,  and  in  crystals.  In  another  vessel 
dissolve  13*26  x  2  =  26*5  grs.  of  chloride  of  barium.  Mix, 
tiie  two  sohitions  together,  and  allow  the  mixture  to  stand 
tittthe  precipitate  has  fallen  down,  and  the  supernatant  li<}uor  is 
fpiile  olear«  Examine  this  liquor  b^  mixing  it  with  muriate  oT 
hmy^  and  with  sulphate  of^  soda  in  two  separate  vessels.  IT 
tile  experiment  has  been  properly  oosiduGted,  the  liquid  will  not- 
Ibe  in  the  least  altered  by  either  of  these  reagents,  showing^ 
clearly  that  it  contains  neither  sulphuric  acid  nor  barytes. 
Hence  it  is  clear  that  the  quimtity  of  sulphuric  acid  (two  atoms )^ 
in  31"26  grs.  of  blue  vitnoi  is  jusL  saUiratcd  by  the  ijLrdiitity  oF 

'  barytes  (two  atoms)  in  26*5  of  chloride  of  barium.  If,  instead  of 
^1*25  grs.  of  blue  vitriol,  you  take  only  31  grs.  or  even  31*126 
grs.  the  liquid  will  be  found  to  contain  an  excess  of  barytes. 

If  31 '25  grs.  of  blue  vitnoi  be  dissolved  in  water,  and  a  plate 
of  zinc  put  into  the  solution,  the  copper  will  be  precipitated,  and 

I  it  will  be  found  to  weigh  exactly  eight  grains. 

II.  Zific» 

Many  attempts  have  been  madt  by  chemists  to  determine  with 
precision  the  atomic  weight  of  zinc.  Those  of  Berzelius  and  my 
own  will  be  found  in  an  early  volume  of  the  Annals  of  Phiioso^ 
fhy.  I  had  deduced  from  these  experiments  4*  125  as  the  weight 
of  an  atom  of  zinc.  Djr>  WoUaston's  weight,  ^'l?  be  consi- 
idered  as  nearly  the  same  with  mine*  Dr«  rrout  fixed  the  weight 
«t  4,  chiefly  from  theoretical  considerations.  The  followaaig 
uperiments  will  show  that  all  these  determinations  are  under 
Ae  truth. 

Sulphate  of  ziacy  •  or  white  vitriol,  as  it  was  formerly  called,  is 
a  salt,  wMch  crystallizes  in  four-sided  prisms,  and  is  transpa-  ^ 
vent   It  may  be  freed  from  its  water  by  a  cautiotts  e8q;>08ttre  to 
a  red  beat:  and  17  grs.  of  the  crystals,  when  thus  treated,  lose 
exactly       grs.   Of  course  the  residual  salt  weighs  10*25  grs. 

IMsscdve  17  grs.  of  crystal  of  sulphate  of  zinc  in  water. 
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cUorifle  49f  bariam.         loetliier  the  tvo  srintiim,  and  let  thfe 

precipitate  subside.   The  clear  supernatant  liquid  \%  neither 

affected  by  muriate  of  barytes,  nor  by  salphate  of  soda  ;  cuiise- 
quently  it  neither  contaiiib  sulphuric  acid  nor  bai^tes.  It  is 
obvious  from  this  that  17  grs.  of  sulphate  of  zinc  contain  exactly 
five  p^rs.  ot  bulpliuric  acid.  These  facte  warrant  the  conclusion, 
that  tiie  cDn^poftitiQU  gf  Qry&UgUiii^d  suij^bate.of  zinc  is  as 
follows  : 

1  atom  sulphuric  acid,,   =a  5*00 

I  atoai  oxide  of  zinc,  ,  • . . ,  =  5*25 

6  atoms  water  •  • .  •  s  6*75 

17*00 

'  Thus  it  appears  Ifcat-an  atom  ctf  oxide  of  zinc  weighs  o  2o  ^ 
consccjuently  zinc  itself  must  weigh  exactly  4*25. 

It  uiciy,  perhaps,  be  objected  that  my  method  of  determining 
the  quantity  of  water  m  the  salt  might  not  be  absolutely  cor- 
rect, as  I  had  no  means  cf  determining  whether  the  residual  salt 
retained  any  water  or  not.    But  let  it  be  remembered  that  the 
sulphuric  acid  in  17  ots.  of  the  salt  is  exactly  five  grains^  that 
the  oxide  of  zinc  certamly  approaches  five  in  weight,  and  that  if 
we  suppose  the  water  to  be  increased  by  another  atom,  its 
weight  iNTouki  amouttt  to  7*875  grs.  leaving  only  4- 125  for  the 
Weight  of  an  atom  of  oxide  of  zinc,  which  we  are  perfe^dtly  certaia 
from  preceding  experiments  is  greatly  below  the  truth.   It  can*- 
not  then  be  doubted  that  the  atom  of  oxide  of  znic  weighs  5*^  ^ 
cmsec^uently  the  weSgfat  of  the  atom  of  zmc  must  be  4*25,  or  ^ 
vcTj  Httle  more  than  i  had  conduded  from  the  ^reinous  experi* 
ttettta  of  B^erzelfus  and  mjself. 

UL  Irmt, 

It'is  well  known  that  mm  unites  wiA  i;wo  doses  of  oxygen;, 
and  fornix  two  oxides,  the  black  and  the  red  ;  the  oxygen  in 
which  bear  to  each  other  the  ratio  of  2  to  3.    This  led  at  ^rstto 
the  supposittoa  that  the  black  oxide  ol  iron  was  a  compound  of 
one  atom  iron  +  two  atoms  oxygen,  and  the  peroxuie  o(  one 
atom  iron  4-  three  atoms  oxygen.    It  was  under  this  impression 
that  Mr.  Dalton  fixed  the  weight  ot"  an  utoni  of  iron  at  b.| ;  but 
when  we  examine  the  salts  of  iron,  we  do  not  find  themt  o  accord 
ithis  Tiew  of  the  subject,    llius  sulphate  of  iron(  aostracting 
^  waiter)  is  a  compound  of  5  sulphuric  acid  -f  4*5  black  oxide 
of  ifott.   Now  if  we  dissolve  9*5  grs,  of  anhydrous  sulphate  of 
koQ  m  water,  and  20-7^  of  drjr*  nitrate  of  lead  in  another  portiox^ 
<if  watuTj  and  mix  the  Iwo  liquids  together,  wo  fiud  that  two  now 
Mts  m  formed,  both  of  which  are  neutral;  namely,  sutpfaAto  of . 
hid,  mi  nitmte-  of  iron  (  so  Ati  4*5  grs,  of  hUxk  oxide  of  ivc^ 
jtlat  neutralite  9/1 S  grs^  of  nitric  acid.  We  oan  have  no  dedbt 
tta  tlus  that  an  atom  of  protoxide  of  iron  weighs  4*5,  or  nearly 
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to.    It  was  the  knowledge  of  these  facts  that  led  Dr.  WoUaston 
to  pitch  upon  3*45,  and  Dr.  Piout  upon  3'5«  as  the  atomic 
weight  of  iron.  i 
I  find  by  a  veiy  carefiil  analysis,  that  the  cryatab  of  protosat* 
*  phate  of  iron  are  composed  as  follows : 

1  atom  Bulphiiric  acid  b  5*0 

1  atom  protoxide  of  iron  s=  4*5 

7  atoms  water  =  7"876 

17-376 

For  17*375  grs.  of  this  salt,  when  dissolved  in  water  and  pre- 
cipitated by  muriate  of  baiytes,  give  14*75  grs.  of  sulphate  of  I 
barytes,  indicating  live  grauib  of  sulpliunc  acid.  When  precipi- 
tated by  aiiiDiuma,  and  the  precipitate  well  dried,  it  weighs  five 
grs.  of  peroxide  of  iron,  which  is  equivalent  to  4*5  grs.  of  protox- 
ide of  iron.  The  reuiaining  7'875  gi*s.  must  be  the  water  of 
crystallization.  This  view  of  the  subject  is  confirmed  by  the  I 
following  experioient :  ] 

I  dissolved  17*375  grs.  of  the  crystals  of  protosulphate  of  iron  ! 
in  distilled  water  :  13*25  grs.  of  chloride  of  barium  were  dissolved 
in  another  portion  of  water,  and  the  two  liquids  were  mixed. 
After  the  precipitate  bad  subsided^  the  residual  liquid  was  neither 
afiected  by  muriate  of  barytes^  nor  sulphate  of  soda.    It  is 
obvious,  therefore,  that  it  contained  neither  sulphuric  acid  nor 
barytes;  consequently  17*375  grs.  of  crystallized  protosulphate 
of  iron  contain  exactly  fiye  grs.  of  sulphuric  acid.   The  remain* 
*ing  12*375  grs.  consist  of  protoxide  of  iron  and  water.   It  may, 
^lerhaps,  be  objected  to  the  determination  of  the  weight  of  an 
;«i'x>m  of  protoxide  of  iron  at  4*5  from  this  experiment,  that  we 
au  ?  not  absolutely  certain  that  the  portion  of  water  in  17*376 
gr^.  of  these  crystals  is  exactly  7*875  grs.,  or  7  atoms ;  but  the  I 
fikcU  asceitained  are  perfectly  decisive  cm  this  point.   By  the 
ansdys.^s  of  Berzelius,  tne  water  in  17*375  grs.  of  protosulphate  of 
iron  wt'ighs  7*888  grs.    By  my  analysis,  it  weighs  7*819  grs. 
Now  "tiic  mean  of  these  two  numbers  is  7*853  grs.  which  is  only 
.j-|j|-^ths  ijf  a  grain  less  than  the  theoretical  quantity;  but  if  the 
water  ia  tiiis  salt  were  8  atoms  instead  of  7,  its  weight  would 
amount  to  9  grs.  instead  of  7*875 ;  and  only  3*375  grs.  would 
remain  for  the  uxide  of  iron ;  but  we  are  perfectly  certain  that 
its  weight  greatly  exceeds  that  quantity.    It  is  evident  that  the 
(quantity  of  water  in  the  salt  must  be  a  whole  number  of  atoms  : 
7*875  being  the  weight  of  seven  atoms  of  water,  and  the  liquid 
^^unounting  sensibly  to  that  quantity  as  nearly  as  can  be  esti- 
mated by  experiment^  we  are  entitled  to  consider  it  as  the  exact 
quantity ;  consequently  an  atom  of  protoxide  of  iron  musl 
wdgh  4*5.   This  gives  3*5  for  the  weight  of  an  atom  of  iron» 
abnost  the  number  pitched  iqion  by  WoUaat09>  and  the  yeqf 
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number  made  chouse  pf  by^  Pioyt.  Berzelius's  namber  is  cer- 
tainly too  small. 

It  deservts  to  be  mentioned  that  the  whole  of  the  iron  cannot 
be  precipitated  from  a  sohitioa  of  protosulphate  of  iron  by  means 
of  phosphate  of  soda,  in  wiiat  proportion  soever  the  saline  solu- 
tions are  mixed.  The  supernatant  hquid  contains  both  oxide  of 
iron  and  phosphoric  acid  ;  for  it  strikes  a  blue  witli  prussiate  of 
potash,  and  is  precipitated  white  by  nitrate  of  lead.  Indeed  I 
know  no  neutral  lalt  capable  of  throwing  down  tbe  whole  of  the 
iron  from  a  eolation  of  uiiB  salt* 

It  is  not  very  easy  to  procure  protosulphate  of  iron  perfectly 
free  from  peroxide  of  iron.  The  best  way  seems  to  be  to  dissolve 
the  crystals  in  hot  water,  to  filter  the  solution,  and  impregnate  it 
with  sulphuretted  hydrogen  gas.  The  crvstals  formed  in  such  a 
liquid  are  pure  protosulphate  of  iron.  The  mark  by  which  die 
purity  of  this  salt,  or  at  least  its  freedom  from  peroxide  of  iron, 
may  be  recognized  is,  that  prussiate  of  potash  precipitates  it 
white  instead  of  blue. 

IV.  Manmnese, 

The  only  person  who  has  endeavoured  to  determine  the 
weight  of  an  atom  of  man^nese  experimentally  before  me  is 
Berzelius;  and  his  determination  (when  foduced)  differs  but 
little  from  nnne;  for  3*667i:i5,  though  a  complicated  number^ 
exceeds  3*5  onl^  by  a  very  small  fraction.  I  shall  describe  the 
experiment  which  I  consider  as  demonstratiug  that  the  true 
weight  of  an  atom  of  protoxide  of  manganese  is  4*5.  Sulphate 
of  manganese  is  easily  obtained  by  dissolving  carbonate  of  man- 
ganese in  sulphuric  acid,  and  evaporating  the  solution  sufficiently. 
It  forms  beautiful  rhomboidal  flesh-coluui  ed  prisms  which  are  not 
sensibly  altered  by  exposure  to  the  air.  Aiiei  a  few  preliminary 
trials  on  this  salt,  I  concluded  that  it  is  a  compound  of 

1  atom  sulphuric  acid.  =  5*0 

1  atom  protoxide  of  manganese.  . .  4*5 
5  atoms  water.  • . .  •  •  as  5*625 

I5T25 

To  verify  this  conclusion,  I  dissolved  15*12o  L;rs.  of  the  dry 
crystals  in  water;  13*25  grs.  of  dry  chloride  of  barium  were 
dissolved  in  another  portion  of  water ;  and  the  two  liquids  were 
mixed  together.  After  the  precipitate  of  sulphate  of  barytes 
had  subsided,  the  supernatant  liquid  was  examined  by  means  of 
ufuriate  of  buytes  and  sulphate  of  soda.  It  was  not  affected  by 
either  of  these  reagents.  It  follows  from  this,  that  15*125  grp. 
of  sulphate  of  manganese  contain  exactly  5  grs.  of  sulphuric 
^cid.  The  vemaining  10*135  grs.  consist  of  water  and  protoxide 
of  manganese.  Now  Dr.  Jonn  obtained  from  15*125  grs.  of 
•ttlphate  of  manganese  5-345  grs.  of  water.  I  myself,  from  the 
Hme  quantity  of  salt,  extracted  5*48  grs.  of  water.  John's 
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quantity  is  only  one-fbnrth  of  an  atom     water,  tmi  mine  only 

one-eighth  of  an  atom  of  water,  less  than  5*626  gro.    But  as 

neither  three-fourths  nor  seven-eighths  of  an  atom  of  water  can 
enter  into  combination,  we  are  entitled  to  consider  the  true 
quantity  of  \s  ater  preseiit  as  5  atoms,  or  0'625  gr.s.  •  conse- 
quently, the  protoxide  of  muiiganese  preseiit  must  weigh  exactly 
4*5  prrs.  Thus  we  get  4-5  for  the  weight  of  protoxide,  and  3-5 
for  tlic  weight  of  manganese  in  the  metallic  state. 

Thus  we  see  that  the  atomic  weights  of  iroa  and  mauganeae 
are  the  i>aoie. 

V,  NkkeL 

1  am  not  certaift-dat  aiiy  chemist  has  taken  die  trouble  to 
make  an  accurate  analysis  of  sul|)hatc  of  nickel.  It  is  a  salt 
inrhicfa  crystaliizes  in  beautiful  four-sided  prisms,  and  is  not 
dtered  by  exposure  to  the  atmosphere.  I  nnd  that  17*125 
of  this  salt,  when  dissolved  in  water,  and  mixed  with  a  solution 
of  13*25  grs.  of  chloride  of  barium,  let  fall  sulphate  of  barytas; 
and  the  clear  liquid,  after  the  precipitate  has  t;ilieii  to  the  bot- 
tom, is  neither  affected  by  munate  of  barytes,  uor  by  sulphate 
of  soda  ;  consequently,  it  neither  contains  snlphuric  acid  nor 
barytes.  It  is  clear  from  this,  that  17-125  gi^.  of  the  salt  con- 
tain exactly  5  G:rs.  of  sulphuric  acid.  When  17-125  grs.  of 
crystallized  sulphate  of  nickel  are  exposed  to  a  red  heat,  they 
sustain  a  loss  of  weight  varying  from  7*8  grs.  to  8  grs.  Now 
the  weight  of  7  atoms  of  water  is  7*875,  which  agrees  almost 
exactly  with  the  loss  of  weight  found  hf  experiment.  It  is 
obvious  from  this  that  17*126  grs.  of  ^is  salt  are  composed  as 
follows : 

1  atom  sulphuric  acid  •  s  5-0 

1  atom  pr<:Sx>xide  of  nickel  4*25 

7  atoms  water.  »  7«H76 


17-126 


Thus  it  appears  that  protoxide  of  nickel  weighs  4*25 ;  conse- 
quently the  weight  of  an  atom  of  nickel  must  be  3*25. 

VI.  CobalL 

The  difficulty  ctf  obtaining  this  metal  in  a  state  of  purtlj^  has 
hitherto  retarded  the  exact  determination  of  its  atomic  wei^it 
I  took  a  quantity  of  oxalate  of  cobalt^  which  I  had  purified  h^ 
laugier's  process,  exposed  it  to  a  red  heat  in  a  plattnmn  eruci* 
ble,  and  tben  dissolred  it  in  sulphuric  acid.  By  the  requisite 
concentration,  the  sulphate  of  cobalt  is  obtained  m  small  red 
prismatic  ciyslals,  which  are  not  sensibly  altered  by  exposure 
to  the  air.  They  may  be  exposed  to  an  incipient  red  heat  with- 
out lusiiiLi'  any  of  tiieir  acid^  provided  we  take  care  to  raise  the 
heat  siowiy,  and  not  to  carry  it  too  far.  By  this  method  I  was 
aUfi«  after  a  little  practice,  to  depriie  them  entifeiy  ^  then 
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water  of  crystallization,  while  they  still  continued  completely 
soluble  in  water,  and  of  course -haa  lost  no  sensible  quantity  of 
their  acid.  After  various  trials  T  found  that  9-25  grs.  of  this  dry 
aalij  when  dissolved  in  water  and  mixed  with  a  solution  of  13'25 
grs.  of  dry  ehlonde  of  harium,  left  a  Uquid  which  was  oeitbcr 
affected  l^y  muriate  of  barytes,  nor  sulphate  of  soda^  aad  of 
course  contained  neither  sulphuric  acid  nor  barytes;  therefore 
9*25  grs.  of  dry  sulphate  of  cobalt  contain  6  grs.  of  sulpluixip 
acid  $  consequently^  tbe  anhydrous  sulphate  must  be  a  con^ 
pound  of 

1  atom  sulphuric  acid  •  •  »  5*0 

1  atom  protoxide  of  cobalt  4-85 

9^ 

Protoxide  of  cobalt  then  weighs  4*25*  Hence  an  atom  of 
cobalt  must  #eigh  3-25. 

We  see  that  cobalt  and  nickel  ha^e  exactly  the  same  weight. 
From  the  table  the  be^nning  of  this  paper,  we  see  that  Beiv* 
2elius  gives  the  weights  of  these  two  metals  almost  the  same,  viz. 

Nickel   3-69755 

Cobalt   3-69000 

But  these  atomic  weights  are  considerably  higher  than  the 
truth. 

From  the  preceding  exjieriments^  I  consider  myself  warranted 
to  conclude,  that  the  atomic  weights  of  the  six  metals  which 
have  occupied  our  consideration  in  this  paper  are  as  follows  : 

Oxygen  =  1.       Hydrogen  =s  1. 

Copper  8-0   64 

Zinc  4-25   34 

Iron  3  5   28 

Manganese  .  •  3*5  28* 

Nickel  3-25  26 

Cobalt  3-25   26 

Thus  it  appears  that  these  six  metals,  like  the  14  other  bodies 
{neviously  suojected  to  examination,  have  atomic  weights  which 
Me  multiples  of  hydrogen :  so  that  if  we  reckon  hydro^ra  bjT 
laky,  they  are  all  wh<dennmbeiis.  If  we  inspect  tbe  table  of  atomic 
weights  when  oxygen  is  unity,  we  may  observe  that  thus  atomic 
weight  is  either  a  whole  number,  or  a  whole  number  together 
with  one  or  other  of  tihe  three  foOowing  fractions,     ^ ,  f.  The 
itoinic  weights  would  stiU  cratinue  multiples  of  the  atom  of' 
ifdrogen  (0-125),  though  they  consisted  of  numbers  terminatidg 
1»  the  fractions  -i,  -f-,  |-,  -J- :  but  these  iiacUons  seem  to  be 
excluded,  at  least  as  far  as  our  observations  have  yet  gone.  The 
congequence  of  this  is,  that  when  the  atom  of  hydrogen  is  unity, 
^  aiomic  .weighto  of  aU  tbe  olhef  simple  bodies  hitherto  exa^ 
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mined  are  even  numbers.  It  is  obvious  that  this  rule  cannot  , 
apply  to  those  atoms  of  compound  bodies  which  ront^iin  hydro- 

f en  as  a  constituent.    Thus  the  weight  of  an  atom  ot  water  is 
•125,  of  an  atom  of  moriatic  acid  4*525,  of  an  atom  of  ammonia  i 
2*125.    In  the  tables  inserted  at  the  end  of  the  last  edition  of 
my  System  of  Chemistry  many  exceptions  to  this  law  occur,  i 
The  reason  of  this  is,  that  though  aware  of  the  law,  I  did  not 
choose  to  alter  any  of  the  atomic  weights  preyiously  determined 
till  I  had  satisfied  myself,  by  unexceptionable  experiments^  that 
the  old  numbers  are  erroneous.   I  have  little  doubt  that  the 
atoms  of  bismuth^  tin  and  antimony,  and  aluminum,  are  inaccu- 
rate, though  I  have  not  hitherto  hit  upon  any  mode  of  determin- 
ing the  true  atomic  weights  of  these  oodies,  which  is  quite  free 
from  ambiguity.    The  weight  of  bismuth,  instead  of  being  8*875,  ; 
as  I  have  s^iven  it,  is  either  9,  or         ;  I  am  not  quite  sure  at  ! 
present  which  of  the  two  ;  but  as  soon  as  I  have  obtained  satis- 
factory  results  for  these,  and  the  other  simple  bodies  hitherto  | 
remaining  undetermined^  1  shall  lay  them  before  the  public. 


Article  II, 

Ana^^sis  of  a  Native  Carbonate  of  Magnesia  from  -the  East 
Indies.   By  WiUiam  Henry,  MD.  FRH.  &c. 

(To  the  Editor  of  the  Annals  of  Philosophy.) 

Manchester,  March^  1821. 

I  W  AS  indebted  to  the  kindness  of  Dr.  Babington  for  a  speci- 
men of  this  mineral.  He  informed  me  that  it  w  as  brought  by 
his  son  from  the  East  Indies  ;  but  as  he  has  given  me  no 
account  of  its  geographic  situation  or  geognostic  relations,  I 
can  only  describe  its  external  characters,  and  state  the  residts 
of  its  chemical  analysis. 

It  occurs  massive.  Its  colour  is  snow-white,  with  theexcep"* 
lion  of  a  few  small  dots  and  stripes  of  ochre  yellow.  Its  fractnre 
b  small  conchoidal  passing  into  nneiren.  It  gives  sparks  with 
steel,  and  is  not  easily  scraped  by  a  knife,  but  is  not  hard  enough  * 
to  scratch  fluor  spar.  Its  fragments  are  sharp  edged.  Inter- 
nally it  has  no  lustre.  It  is  very  slightly  translucent,  and  that 
only  at  the  edges.    Its  specific  gravity  is  2*5615. 

It  dissolves  in  acids  at  ordinary  temperatures  with  extreme 
slowness,  even  when  finely  powdered,  and  whatever  may  be  the 
specific  gravity  of  the  acid  ;  but  by  heat  its  solution  is  quick- 
ened, and  carbonic  acid  is  disengag-ed.  This  property  is  an 
obstacle  to  the  determination  of  its  proportion  of  carbonic  acid, 
which  cannot  well  be  learned  in  the  common  way.   To  ascer- 
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tain  it,  I  passed  a  fragment,  weighing  a  few  grains,  into  ajar 
inverted  over  mercury,  and  let  up  a  suflicient  (quantity  of  dilute 
sulphuric  acid,  the  full  action  of  which  required  more  than  a, 
week.  Carbonic  acid  was  disenoaored  at  the  rate  of  1*1  cubic 
inch  from  every  grain  of  the  btoiie ;  and  reckoning  100  cubic 
inches  of  cstrbonic  acid  at  a  mean  leii^perature  and  pressure 
=  46' 5  grs.  100  grs.  of  the  mineral  would  yield  51  grs.  veiy 
nearly  of  the  acid  gas. 

One  hundred  grains,  reduced  to  powder  and  calcined  in  a  suf- 
ficient heat,  lost  61*5  grs.  A  similar  quantity  being  heated  to 
redness  at  tike  bottom  of  a  long  glass  tube,  the  upper  and  cool 
part  of  the  tube  just  exhibited  a  visible  degree  of  moisture, 
wMch  could  not  amount  to  nearly  a  min  in  weight. 

One  hundred  m^ins  were  dissolved  in  heated  and  diluted  sul- 
phuric acid,  with  the  exception  of  1*5  gr.  The  insoluble  part 
was  not  acted  upon  by  being  boiled  to  dryness  with  nitromuriatic 
acid,  or  with  solution  of  potash,  and  when  examuied  by  a  mag- 
nifier seemed  to  me  to  be  a  fine  siliceous  sand.  The  solution 
being  evaporated,  and  the  product  heated  to  redness,  gave  140 
grs.  of  dry  sulphate  of  magnesia,  equivalent  at  33  per  cent,  mag- 
nesia to  46  oTs.  of  that  earth. 

One  hundred  cfrs.  dissolv  ed  by  an  excess  of  nitromuriatic  acid, 
left  the  same  proportion  as  before  of  insoluble  matter.  The 
solution  was  evaporated  to  dryness,  redissolved  in  water,  and 
part  of  the  magnesia  which  had  separated  was  again  taken  up 
by  muriatic  acid,  carefully  added,  so  as  to  be  very  shghtly  in 
excess.  From  one  half  of  the  solution,  subcarbonate  of  potash 
precipitated,  at  a  boiling  temperature,  carbonate  of  magnesia^ 
which,  when  washed,  dried,  and  calcined,  gave  23  grs.  of  the 

Kre  earth,  equal  to  46  grs.  of  magnesia,  from  100  of  the  stone* 
e  other  half  afforded,  with  a  mixture  of  phosphate  and  carbon* 
ate  of  ammonia,  a  precipitate  which,  after  being  heated  to  red- 
ness, left  60  grs.  of  phu.sphate  of  magnesia,  equivalent  (if  the 
base  in  ICQ  grs.  of  that  salt  be  reckoned  at  38*5  grs.)  to  25  grs. 
of  magnesia,  or  to  46  from  100  of  the  stone,  thus  confirming  the 
other  methods  of  analysis.  # 

The  absence  of  lime  and  alianine  was  inferred  from  the  non- 
action of  the  proper  tests  of  those  earths  on  a  solution  of  the 
stone  in  muriatic  acid,  rendered  just  neutral  by  ammonia.  1  am 
aware,  however,  that  a  .  minute  proportion  of  lime,  existing  in 
any  solution  along  with  a  considerable  proportion  of  magnesia, 
is  not  discoverable  by  the  usual  tests.  Of  this,  any  person  may 
he  satisfied  by  mixing  a  saturated  solution  of  sulphate  of  hme 
with  an  equd  bulk  of  solution  of  sulphate  of  magnesia ;  for  the 
inixed  solutions  are  not  rendered  turbid  by  oxalate  of  ammonia, 
either  immediately,  or  on  standing.  It  is  possible,  therefore,  that 
the  mineral  may  contain  a  very  small  proportion  of  lime,  though 
I  did  not  discover  any  by  analysis.  The;  muriatic  solution 
•howed^  on  applying  the  proper  tests,  a  minute  trace  of  iron. 
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From  the  experiments  which  havc^  been  described,  tuc  rainera! 
onder  examination  may  be  pionouuced  to  be  an  almost  pure 
carbonate  of  magnesia^  composed  in  100  grains  of 

Masnesia.  46*0 

Carbonic 'acid  •  .  •  •  r  >  «•  51*0 

Insoluble  matter   1-5 

Water  ^0*6 

Loss  ,   10 


100-0 

The  acid  and  base  are  in  atomic  proportion,  and  the  stone  is 
constituted  of  one  atom  of  each ;  for  as  46  to  51,  so  very  nesitf 
m  24*6  to  27*5,  the  numbers  which,  on  Dr.  Wollaston's  scale, 
denote  the  equivalents  of  magnesia  and  caibonio  acid« 

I  avail  myself  of  this  opportunity  of  expressing  my  doii^ 
whether  such  a  salt  as  the  mcarbonate  of  magnesmf  constituled 
^  one  atom  of  base  and  two  atoms  of  acid,  really  exists.  This 
dkmht,  it  is  tme,  is  founded  on  the  examination  of  a  sii^le  speei* 
men  of  a  salt  prepared  by  myself  several  years  ago.  It  was 
formed  by  mixing  a  dilute  solution  of  sulphate  of  magnesia  witti 
a  solution  of  carbonate  of  soda  highly  charged  with  carbonic  acid 
under  pressure,  ^.  o  immediate  change  occurred ;  but  af  ter  a  few 
days,  small  hemispherical  masses,  consisting  of  congeries  of 
crystals  radiating  from  a  common  centre,  had  formed  on  the 
inner  surface  of  the  vessel.  Having  a  few  of  these  left,  I  have 
lately  again  exammed  them,  and  find  them  composed  of  base  29, 
acid  30,  and  water  41.  These  proportions  of  acid  and  base, 
perhaps  from  some  trifling  impurity  of  the  salt  (on  which,  hav- 
ing now  exhausted  my  whole  stock,  I  cannot  make  any  more 
experiments)  do  not  exactly  agree  with  the  carbonate  ;  but  they 
are  very  remote  from  those  that  should  constitute  a  bicarbonate. 
Should  any  of  your  readers  have  prepared  and  analyzed  a  trae 
bicarbonate  of  this  earthy  the  information  will,  perhaps,  be 
aoeeptable  to  odiers  as  well  as  to  myself. 


Articlb  Hi. 

On  the  Med  Rock  Mark,  or  Neufer  Bed  SaiAtone. 
By  the  Rev^  J.  J.  Conybeare. 

(To  the  Editor  of  the  Annals  of  Philosophy ^ 

MY  INBAR  SIR,  Bath  Easton,  Feb.  13,  18«l. 

Ir  the  following  remailcs  on  one  of  the  British  strata,  which 
has  as  yet  been  but  imperfectly  described,  appear  to  you  worthy 
of  insertion,  they  are  much  at  your  service,   bome  parts  oi  the 
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detail  may,  perhaps,  be  thought  too  miuutr,  but  it  would,  I  con- 
le»6,  be  iny  own  wish,  had  I  th^  power  and  opportunitv  to  render 
them  yet  more  so.  It  is  even  at  this  day  only  1)y  the  dili^j^ent 
accuraulalion  of  facts  (and  not  unfrequently  of  those  which  may 
seem  at  first  the  most  insulated  and  uisi^nificant)  that  w^e  can 
hope  to  obtain  materials  for  the  accurate  history  of  the  globd 
which  we  inhabit.    BeUeve  me,  my  dear  Sir, 

Yours^  with  much  esteem, 

J.J.  CoNYB£ARE.. 

The  series  of  strata  distinscuished  bv  sreologists  as  the  red 
rock  marie,  or  newer  red  sandstone,  occupies,  as  is  well  known, 
a  considerable  tract  in  tiie  county  of  Devon.  Its  geological 
character  and  relations  have  been  noticed  by  Deluc  and  otheitSy 
aad  more  than  one  opinion  has  been  given  as  to  the  nature  and 
origin  of  its  contents*  which,  with  a  most  sincere  respect  for 
those  from  whom  they  have  proceeded,  I  can  scarcely  regard  as 
compatible  with  tbe  results  of  a  diligent,  though,  perhaps,  a  too 
partial  examination.  A  shoi-t  residence  at  DawUsh  afforded  me 
the  opportmiity,  as  well  of  observing  the  various  aspects  of  the 
rock  Itself,  which,  on  that  part  of  the  coast,  offers  large  and 
imintemipted  sections,  as  or  forming  a  tolerably  complete  series 
of  the  different  substances  imbedded  in  the  strata  which  extend 
from  thence  to  Tei^nmouth. 

In  these  strata  the  rock  exhibits  itself  under  the  several  cha- 
racters uf  a  sandstone,  either  loosely  compacted,  or  ultogether 
pulverulent ;  a  marie,  more  or  less  indurated  ;  and  a  breccia 
couiposed  of  ii  agments  of  various  sizes.  Near  to  Dawlish,  the 
sandy  form  is  more  frequent,  towards  Teignmoiith  the  breccia, 
the  bit  ^e  of  which  is  usually  marie,  of  an  unctuous  and  argdlaceous 
character.  The  marie  has  frequeutiy  those  patches  of  white  and 
purple,  which  have  been  often  noticed  as  characteristic.  The 
mineral  contents  of  the  rock  seem  to  be  few.  Calcareous  spar 
occurs  in  small  patches  a  Httle  south  of  Dawlish.  Gypsum  I 
could  not  detect  either  here  or  under  the  elevated  j^lains  of 
Haldon.  On  Blackdown,  however,  I  have  found  it  m  smaJt 
aodules.  A  sand  sufficiently  charged  with,  and  indurated  by 
iron,  to  be  termed  ironstone,  traverses  in  all  directions,  the  cUa 
to  me  north  of  Dawlish  (see  Deluc,  vol.  ii.  p«  85),  and  the  earthy 
hmon  oxide  of  manganiese  is  found  in  numerous  smaU  cavities 
nearly  througn  the  ^ole  range  of  the  coast.  In  one  instance  I 
detected  a  small  portion  of  me  black  oxide  of  cobalt,  precisely 
memblittg  that  found  at  Alderlev  edge  (Cheshire)  in  the  same 
strata.*  But  the  most  remarkable  feature  in  the  rock  appears  to 

,  *  I  am  indebted  to  the  Rev.  the  Dean  of  Bristol  for  an  addition  to  this  meagre  cata- 
Mgna.  ThatgartfananlM^liaitfaeldiidiMMtofor^ 

which  he  ^UscoTered  in  this  rock  not  far  from  Torquay.    It  is  coarse,  and  appears 
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be  the  variety  of  substances  contained  in  its  brecciated  form. 
Deluc  has  mentioned  two  only  of  these,  the  limestone  and  grey- 
wacke,  though  he  insinuates  that  there  are  others,  and  appeals 
(if  I  rightly  understaud  the  puugraph)  to  apprehend  that  of  these 
the  limestone  onl^  can  be  traced  to  any  neighbouring  rock,  an 
opinion  which,  in  its  full  extent,  seems  untenable.  The  following 
catalogue  presents  a  tolerably  faithful  description  of  the  frag- 
ments occumng  in  the  breccia  of  Dawlish  and  Teignmouth,  wim 
the  addition  of  some  few  from  other  quarters. 

Granite  and  Porjphi/ritie  Rocks. — These  form  a  very  consider- 
able portion  of  the  imbedded  fragments.  A'.  A  minute  ag  g  rcga- 
tiou  ofpale  reddish-brown  crystalhne  felspar,  quartz,  and  common 
schorl.    A^.  Same  with  felspar,  soniewhat  darker,  and  more 
crystalline.  A^.  Same  mixture,  with  Hghter-coloured  felspar,  and 
the  schorl  distributed  ii)  ^>maU  contemporaneous  veins,  as  well  as 
intermixed  in  tlie  mass,    B.  Felspar  same  as  A  nodules  of 
quartz,  and  minute  portions,  apparently  cry^stalline,  of  chioritl 
Structure  semiporphyritic.    C*.  Minute  aggregate  of  earthy  fel- 
spar, of  a  pale  dirty-red,  quartz,  and  chlorit.    C^.  Same  with  the 
felspar,  less  earthy,  and  of  a  deeper  red«    D*  Porphyritic  base, 
of  a  purphsh-.white,  apparently  a  minute  aggregation  of  earthy 
felspar  and  quartz^  imbedded  quartz  in  small  nodules,  and  some 
crystalline  felspar  (semivitreous).   D^.  The  same  with  the  quartz 
so  much  predominant  in  its  base  as  to  give' it,  at  first  sight,  the 
aspect  ot  a  sandstone,  or  greywacke.*   D^.  Same  with  imbed- 
ded semivitreous  felspar,  and  common  felspar  in  various  stages 
of  decomposition  (from  the  bed  of  the  river  Exe).    D"*.  Base 
more  felspathic,  and  of  a  deeper  purple,  much  disintegrated, 
with  the  exce[>uon  of  the  semiviticous  felsj^iar.    iMany  cavities 
filled  with  eartliy  felspar.    D\  Porpliyry,  base  compact  felspar, 
of  a  greyish-white,  having  imbedded  small  nodules  of  quartz, 
and  penetrated  by  numerous  cavities,  apparently  left  by  the  dis- 
integration of  crystals  of  felspar,  and  the  loss  of  the  powdery 
matter  so  produced..    (This  remarkable  character  I  have 
observed  in  more  .than  one  porphyry  from  Cornwall.)   £.  Base, 
a  minute  aggregation  of  eartny  felspar,  quartz,  and  chlori^ 
coloured  green  by  the  latter,  imbedded  minute  crystals  of  flesh- 
coloured  felspar,  and  small  nodules  of  quartz.   (Descent  of 
Haldon  on  the  eastern  side.)   All  these  occur  in  various  stages 
of  disintegration.   Those  prophyries  approaching  the  nearest  in 
col6ur  to  3ie  marie  which  surrounds  them  are,  when  far  advanced 
iii  tliis  state,  not  readily  distinguishable  from  that  substance,  the 
outhne  of  the  original  fragment  being  so  broken  down  and  lost, 
that  it  appears  to  pass  insensibly  into  the  imbedding  mass. 
Hence,  perhaps,  som  egcologists,  of  no  inconsiderable  authority, 
have  been  induced  to  suspect  that  these,  and,  by  consequence, 

*  It  Is  distinguishable,  however,  by  its  iiising  readily  before  the  blow-pipe  into  a 
vitreous  globule.  On  breakiiig  too  the  laiger  maaaeSy  Hie  inteiior  ii  fbmid  to  be  some* 
viuit  more  iekpftthic. 
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the  other  fragments  imbedded  in  the  red  miurle  were  of  a  format 
tion  contemporaneouB  with  itself*^  A  minate  and  accurate 
inspection  of  the  coast  between  Dawlish  and  Teignmoudi  must, 
however^  I  think,  convince  us  of  the  truth  of  the  commoner^  or 
at  least  earlier,  opinion  which  regards  them  as  derived  from  the 
breaking  up  of  the  inferior  strata.  Other  fragments  imbedded 
in  the  marie  are  fl^reyu;flc/re,  or  compact  sandstone.  F',  Compact 
greywackCf  of  a  dirty-white,  much  ironsliot,  having  the  aspect  of 
a  sandstone  with  a  very  small  intermixture  of  argillaceous  matter, 
F*.  Compact  grei/wacke,  quartz  more  predominant,  and  closely 
aggregated  ironshot  throughout  of  a  reddish-grey.  F'.  Same,  of 
a  greyish-black,  with  contetnporaneous  veins  of  white  quartz. 
G'.  Black  compact  siliceous  rocky  of  a  very  close  texture,  resem- 
bling Indian  stone.  G-.  The  same  mtersected  in  all  directions 
by  small  veins  of  ragged  quartz,  so  as  nearly  to  resemble  a  brec- 
aa,  occasional  cavities  filled  with  brown  manganese  ochre. 
H,  Small  fragments,  apparently  of  the  reddish  greywacke  slate, 
provineially  termed  ihiliat.  This  list  might  be  increased  by  the 
enumeration  of  some  more  trifling  varieties  in  the  compact  grey* 
wacke.  Calcareous  rock*  1*.  Semicrystalline  limestone,  of  a 
dtity-whitei  without  organic  remains.  (Near  the  headland 
tenned  the  parson  and  clerk.)  W  Dark  greif  limeHone,  without 
organic  remains^  near  Teignmouth.  P.  Same,  full  of  coralloids* 
mat  spot. 

It  may  be  added,  that  insulated  fragments,  and  occasionally 
crystals  of  semivitreous  felspar  are  met  with  in  the  marly  beds. 

A  pit  near  Exeter  afforded  me  an  interesting  specimen  of  three  • 
macles  united  in  a  ^single  groupe.    Generally  this  variety  of  fel- 
spar seems  to  have  resisted  the  action  of  tliose  causes  which 
have  produced  the  disintegration  of  its  parent  rock. 

The  fragments  which  I  have  attempted  to  describe  are,  for 
the  most  part,  mixed  promiscuously  in  the  same  strata.  Occa^ 
sionally  particular  substances  predominate,  but  rarely,  or  never 
(as  far  as  mv  observation  went)  to  the  total  exclusion  of  all 
others.  The  porphyritic  and  quartzose  fra foments  have  usually 
their  angles  but  slightly  rounded  ;  in  some  cases,  not  even  per- 
ceptibly so.  The  calcareous  portions  have  generally  more  the 
appearance  of  being  worn  (as  would  from  their  softness  be  the 
case)  by  attrition.  These  facts,  added  to  the  consideration  that 
the  porphyritic  or  felspathic  portions  bear  no  resemblance  to  the 
only  solid  rock  which  appears  to  be  subordinate  to  this  forma- 
tion (namely,  the  amy^aaioid  of  Thorverton)  will,  perhaps,  be 
Bufficient  to  establish  uxe  mechanical  origin  of  the  breccia  in 
question.  We  shall  then  have  to  inquire  whence  its  contents 
flight  be  derived. 

The  calcaretmsfrapnents  bear  a  resemblance  sufficiently  close 
to  the  limestones  of  Chudleigh  and  Babicomb.   A  limestone 

*  See  Br.  K\M*9  Essay,  p.  109.   I  haye  evary  mMn  to  bdieve  that  m  Atfcpinkn 

9y  respecteti  fricQd  was  by  no  means  siiigular. 
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mdre  abuDdant  in  coralloids  is  found  yet  nearer  in  tbe'fiiigli- 
bourhood  of  Lindiidge*  The  limestone  also  of  Bickington^  nsai 
AshburtoD,  contidiis  many  of  these  foisils.  The  fmgamd^  of 
.tjie  greywacke  class  may  readily  be  traced  to  die  roeks^ff  (liat 
species  whidi  lie  in  most  places  immediately  beneath  the  mark^ 
and  with  which  indeed  the  transition  limestones  of  the  coquUj 
are  interstratified.  Of  the  granitic  and  porphyritic  fragments, 
those  marked  A,  1,  2,  3,  have  all  the  characters  of  a  rock  fre- 
quently occurring  on  the  confines  of  the  Dartmoor  granite,  and 
not  unfrequently  intermixed  either  as  veins  or  irregular  masses, 
both  with  that  rock  and  with  the  neighbouring  schistus.  It  will 
be  found  thus  distributed  a  little  beyond  Bovey  Tracey.  1  have 
met  with  aggregates  nearly  similar  at  the  junction  of  granite 
and  schist  at  Ivy  Bridge,  and  at  Buckland  in  the  Moor.  The 
remaining  felspathic  fragments  1  have  little  hesitation  in  lefer- 
Ting  to  that  class  of  rocks  which  are  known  by  the  name  of 
Elvans^  and  found  in  numberless  instances  traversing  the  metair 
liferons  slate  of  Beyon  and  Com  wall.  In  the  latter  coim^i 
they  have  been  more  frequently  obserVed,  both  from  the  greater 
extetit  of  those  sections  of  the  Killas  which  are  offered  by  iu 
coasts,  and  the  frequency  and  magnitude  of  the  excavations  made 
by  the  miner.  In  Devon  I  have  noticed  them  near  Tavistodi 
near  Buckland  Monaehorum,  and  in  the  course  of  the  West 
Okenient,  and  have  no  doubt  that  they  might  be  detected  in 
various  other  quarters, especially  nearthe  junctions  of  the  granite 
and  slate.  The  only  instance  of  dissimilarity  which  1  have 
observed  is  the  occurrence  in  some  cases  of  large  crystalline 
masses  oi  the  felspar,  which  I  have  termed  semivitreous,  and 
stated  to  form  a  part  of  the  rocks  marked  D  I  ,  2,  3,  4.  My 
limited  collection  of  Eivans  does  not  all'ord  any  analogous  spe- 
cimen, but  when  we  remember  that  nearly  every  mine  in  Corn- 
wall presents  one  or  more  varieties  of  this  rock,  and  how  endless 
are  the  minute  shades  of  difference  which  characterize  them;  it 
willi  I  think,  be  allowed  that  there  is  nothing  improbable  in  the 
supposition  that  the  whole  contents  of  this  breccia  have  been 
furnished  by  the  inferior  rocks  of  its  immediate  nei^hbourlioo(|p 
by.those,  perhaps,  whose  edges  are  yet  covered  by  it  at  a  deptk 
ta  which  our  laDOuis  and  investigations  have  but  little  chance 
ofpenetrating. 

You  will  scarcely  need  to  be  reminded  that  Mr.  Leonard  Hfl^ 
ner  arrived  at  a  like  conclusiou  from  his  examination  of  thft 
rock  marie  and  adjacent  strata  in  Somersetshire.*  It  struck 
me  us  singular  that  among  the  fragments  which  fell  under  my 
inspection  I  observed  no  traces  oi  hornblende  rock,  or  green- 
stone, although  the  latter  especially,  and  m  some  instance^ 
small  portions  of  the  formor  are  to  be  found  on  the  borders  oi 
Dartmoor.  The  clifis  of  Henoch  pfesent  so  large  and  6tiikiiV 
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I  forbear  to  speculate  on  the  probability  that  the  whole  extent 
of  the  red  marie  was  produced  by  the  degradation  of  the  rocks 
which  have  left  their  fragments  still  imbedded  lu  its  mass.  The 
tolai  absence  of  those  organic  remains,  which  occur  so  abund- 
antlvin  the  strata  immediately  below  as  well  as  above,  and  the 
general  want  of  consoHdation  in  its  various  and  hetarogeneous 
beds,  certainly  argues  that  its  formation  took  place  under  dif- 
ferent circumstances,  and  by  a  different  process  from  that  of  the 
subjacent  slate  and  limestone,  or  the  superincumbent  lias.  The 
strata  at  Dawhsh  are  not  everywhere  of  uniform  thickness  ;  tke^ 
dip  at  an  angle  bardlj  exceeding  to  &£.  bv  S.  On  ihm 
«MMt  thay  are  usnaUy  capped  by  the  debris  of  uie  green  sand 
formation  which  covers  tae  neighbouimg  heights  of  Uakion.  At 
Oawlish  theae  debria  are  much  more  plentifid  tban  at  Teigo* 
flUMith^  It  may  be  lemaiked^  that  while  thfy  corar  ao  large  a 
iptoe  towaida  the  cdaaty  they  are  of  much  aoareer  occurrence 
on  the  pbin  of  Borey,  which  Hea  under  the  opposite  dedivity  of 
BiUon.  Some,  however,  apparenlty  waiter  worn,  are  iband  oil 
"AMt  tracts  I  oaaaot  eondode  without  expfeasing  a  wkh  tfrat 
Ike  whole  extrat  of  thia  formation  weie  carefully  extnuoed  hf 
some  abler  and  more  instructed  observer. 
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AneiD  M§tk(kiof  con,9tructing  geometrically  the  Cmtes  of  Spheric 
ctd  Triangles  by  a  Devehpemeni  of  their  FmtU  in  Flam.  By 
Mr.W.LtBirkbeck,  (With  a  Plate.) 

(Tothe  Editor  of  the  AmnaU  ^  Phiioet^.) 

axjiy  ^  London^  Monk  10. 

The  adnntage  of  constructioiia  as  meana  of  checking  the 
calculation8*t>f  plane  trigonometry  has  been  generally  ao  apptt^ 
rent,  that  many  trigonometrical itoters  have  gi?en  simple  geome* 
tiknl  oonalfuotiona  for  die  oaaea  of  plane  trian^ea.  With 
regard,  however,  to  sphmcal  trigonometry,  a  diftrent  course 
im  been  «iopted ;  and  as  the  consideration  of  tfie  position  of 
the  various  circles  of  the  s^hm  first  led  to  the  problem  of  $nA- 
ing  certain  parts  of  the  tnangtes  formed  by  thefar  inteiseotiona 
bom  others  that  might  be  given,  the  writers  on  this  aobjeothsve 
thought  it  necessary  that  all  these  circles  should  be  lejweieaMl 
on  a  plane,  as  they  actually  appear  on  the  sphere.  Of  the 
several  methods  of  doing  this,  the  stereographic  projectioa  ha& 
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^generally  daimed  the  preference;  bot  aldiough  this  has  the 
advantage  of  ediibittn^  the  position  of  an^  sp&rical  trianele  in 
idation  to  the  several  cirdes  of  the  terrestrial  or  celestial  spnere, 
yet  the  lengUi  of  the  conistraclions  required  to  represent  truly 
only  one  triangle  renders  it  by  no  means  the  most  desirable  way 
of  arriving  at  those  parts  by  geometrical  constmction.  Tfaie 
method  pursued  in  this  short  essay  considers  the  triangle  as  the 
"epheiical  surface  of  a  tetiahedroii  whose  vertex  is  the  centre  of 
the  sphere,  and  by  imagining  the  sides  of  this  tetrahedron  laid 
•down  on  a  plane,  obtains  the  required  parts  of  the  triangle  by 
-constructions  that  may  be  performed  with  facility  by  the  help  of  a 
«cale  of  chords.  The  figures  here  used  are  contained  within 
much  narrower  limiLs  than  in  most  iiistances  of  stereographic 
projection,  since  the  centres  of  some  of  the  circles  in  it  often 
iall  at  a  verv  liTcat  distance.  The  constructions  in  the  present 
^aper  may,  it  is  presumed,  be  called  new  ;  for  although  M.  Mau- 
•dmt  has  constructed  the  .hrst  case,  and  part  of  the  second^  in  a 
manner  somewhat  similar,  yet  his  method  is  considerably  longer; 
«nd  the  remaining  part  of  the  secondhand  the  whole  of  the  tniid 
'<asey  I  believe^  have  not  been  eonstraeted  except  by  projection^ 
hy  any  trigonometrical  writer.  As  by  means  of  the  supplemental 
Irkngle  the  six  cases  of  trigonometry  are  reducible  to  three^  it 
lias  only  been  thought  neoessaiy  to  give  the  detail  of  three  casea 
in  this  paper. 

Case  Having  given  the  three  sides  A  B  A  C,  of  a 
spherical  triangle  (n.  VI.)  Rg.  1,  to  find  any  one  of  the  anglea 

4M  A* 

With  the  chord  of  60®  as  radius,  taken  from  any  convenient 
«cale  of  chords,  describe  a  circle  C  B  A  C,  fig.  2,  and  by 
means  of  the  same  scale  set  off  the  arcs  A  B,  B  C,  A  C,  equal 
to  the  three  given  sides  respectively ;  from  the  centre  O  draw 
O  C%  O  B,  O  A,  O  C,  and  let  fall  the  perpendiculars  C  D,  C  E, 
to  O  A,  OB,  meeting  in  P  ;  from  P  apply  P  N  equal  to  C 
meeting  O  A  (produced  if  necessary)  in  N,  then  the  angle  NPD 
is  equal  to  the  angle  A,  required  ;  the  number  of  degrees,  8cc.  in 
which  may  be  ascertained  either  by  a  scale  of  chords  or  a  pro- 
tractor. 

Case  2. — ^When  two  sides  A  B,  B  and  the  included  angle 
are  given. 

Firsts  to  find  the  third  side  A  C. 

From  any  point  O,  as  a  centre,  fig.  3,  with  the  chord  of  60% 
describe  a  circle  as  before,  set  off  the  arcs  B  A,  B  equal  ta 
the  given  sides,  and  make  B  O  L,  equal  to  the  given  angle ; 
4rawC  £ pernendicular  to  O  B,  and  on  O  Ltdce  O  M  =s  d  E, 
and  make  M\N parallel  to  it ;  on  CE  produced  take  EP  ss  ON^ 
and  set  off  N  H  =  P  A  .  The  distance  M  H  is  equal  to  the 
4chord  of  the  required  side  to  the  radius  O  B. 

Secondly,  to  find  either  of  the  other  angles,  as  the  angle  A. 
'   IVUb  the  chord  of  60°  describe  a  circle  as  before,  ana  set  off 
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the  arcs  B  A,  B  C,  fig.  4,  equal  to  tlie  given  sides,  and  mako^- 
B  0  L  equal  to  the  given  angle ;  let  fall  C  E  perpendicular 
to  0  B  ;  on  O  L  take  O  M  =  C  E,  draw  M  N  parallel  to  it,  and 
on  C  E  produced  take  E  P  =  O  N.  Join  0  A,  let  fall  P  D  per- 
Dendicular  to  it;  take  N  K  s  P  and  join  M  K;  mxt 
If ;  K  N  is  eoual  to  the  required  angle  A. 

Case  When  two  sides  B  C  A^  and  an  angle  A  opposite 
one  of  them  are  given. 

First,  to  find  the  third  side  A  B. 

With  the  chord  of  60®  as  radius,  and  from  any  centre  O,  fig.  5, 

describe  a  circle,  set  off  the  arcs  C  B,  C  A,  equal  to  the  giren 

sides,  and  make  COL  equal  to  the  given  angle,  draw  A  1  per- 
pendicular to  O  C,  take  ( )  M  =  A  1,  and  draw  M  N  perpendi- 
cular to  O  C  ;  from  M  apply  M  F  =  chord  B  C,  meetins:  C  O 
produced,  if  necessary,  in  F  ;  make  1  P  =  O  N,  and  from  r  as  a 
centre,  with  the  distance  FN,  intersect  the  circumference  of  the 
circle  ni  H  and  :  the  arc  C  or  C  H^,  is  equal  to  the  third 
side  required. 

Secondly,  to  fmd  the  angle  B  opposite  the  other  given  side. 

With  the  chord  of  60°  describe  a  circle  as  before,  take  the 
arcs  C  B,  C  A»  fig.  6,  equal  to  the  given  sides,  and  make  COL 
eaual  to  the  given  angle  ;  draw  A  I,  B  K,  perpendicular  to  O 
take  0  M  =  AI,  and  from  M  apply  M  H  =  B  K,  meeting  C 
piodiiced,  if  neoessary^  in  H:  the  angle  M  H     or  its  supple- 
ment IVI  H  C  is  equal  to  the  required  angle  B. 

Thirdly,  to  find  the  angle  C  included  by  the  given  sides. 

Find  the  third  side  A  B  by  the  first  part  of  this  case,  and  the 
sadeC  from  the  three  sides  by  Case  1. 

This  diird  Case  it  is  well  known  frequently  admits  of  two  sola-- 
tions,  and  in  those  instances  in  which  the  data  lead  to  a  douUe 
solution,  these  constructions  will  accordingly  give  two  values  for 
each  of  the  required  parts.  In  the  first  part  of  the  Case,  if  W 
either  falls  upon  C,  or  on  the  same  side  of  C  with  B,  there  will 
l>e  only  one  value  of  the  side  A  B,  viz.  C  H.  In  the  second 
part  of  the  case,  if  either  of  the  angles  M  H  C,  M  H  C\  taken  as 
the  value  of  B  make  4.  (A  +  B)  of  the  same  atiection  with 
|(B  C  -f  C  A)  then  either  of  these  angles  may  be  that  required, 
but  if  only  one  of  the  values  of  B  is  in  accordance  with  the 
theorem,  .J  (A  +  B)  hke  ^  (^B  C  +  C  A),  this  value  is  that 
feauired. 

In  the  third  part  of  the  Case,  the  angle  C  will  have  one  or  two 
values  according  as  the  side  A  B  has  one  or  two  values. 

Without  giving  the  demonstration  of  these  constructions  with 
all  the  rigour  of  the  Euclidean  geometry,  the  mathematical 
reader  will,  it  is  piesamed,  be  convinced  of  their  accuracy  from 
the  following  general  explanation.  Suppose  ocb  a, fig.  7,  to  be 
^  spherical  tetraedron  wnose  radius,  oa,  is  equal  to  the  radius  of 
the  scale  of  chords  made  use  of  in  the  preceding  constructions, 
whose  convex  surface,  acb,  forms  the  triangle  proposed  to 
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Ilttaolved.  Imagioe  c  p  to  be  drawa  perpendicular  to  the  plane 
^  i  #;  letc^i  ^  ^9  planes  o  c  ct,  qc  b,  be  perpeudicuiar  to 

#^ a  ft« rtBpactively ;  tboa if p d, pt, pafpipca,cb,he joined^ 
ilift  obvious  that  thesngle^c  pi,  cpe^  cpa^  ^fh  o  dp,  oepf 
are  all  right  a«^Us»  ikat  the  cdp,  neiiiuFes  the  ittcUoa^ 
of  the  planes,  o  ca^  o  b  a,  and  is  ocnsequeolly  ^qval  lo  the  ! 
^hdocal  mng^  at  a,  tJnA  that  in  like  wBmxmc€p  ie  equal  to  the 
spherical  angle  at  b  i  moreover  ca,  cb,  ate  idiords  of  the 
Aides  ea,eb.  This  premised^  k  wiU  appear  thai  in.Caae  \,  CD^ 
<7  are  ^oal  feapeotively  to  c  d^,  c  and  that  P  ia  sitm^in 
Ib^  sector  B  O  A»aa  jik  ia  i.oa;  so  that  P  I)  p  dyhnif^  \ 
SB  C]>  s  4?  and  the  rightaogle  PI>N  sucpd;  tbeMfercuAe 
■angle  NPD«c  cilpaE  spherical  angle  a. 

Case  2. — Here  C  E,  fig.  3,  =  c  f ,  or  O  IN^  ==  c  e,  and  sinoe  \ 
IS"  O  M  =  given  aiio^le      =  c  e      auci  angle  M  N  O  =  a  riffht  ! 
angle  ;  therefore,  the  triangle  O  M  N  is  equal  to  c  e     aiid  M  N  | 
s=  €    ;  al&o  because  O  E  =  o  e,  and  EP  =  ON  =  e/?;  there*  I 
fore,  P  is  situated  with  respect  to  tiie  points  B,  A,  as  »  ii>  with 
respect  to  h,  a  ;  consequently  P  A  =  />     but  N  H  =  P  A,  and 
M  N  =  c  py  wherefore  the  right  angled  triangle^  M  N     is  e%ual 
t/0  c  p  a,  and  M  H  =  c  cr  =  chord  of  side  c  a. 

In  the  second  part  of  this  case,  P  is  found  as  before,  corres- 
ponding to  Pf  and,  therefore,  P  D,  perpendicular  to  O  A,  is 
obviously  equal  top  d,  butN  K  ^  PUyOrpd^  and  M  N  = 
wherefore  the  ri^ht  angled  triangle  M  N  K  is  equal  to  c  p  d^mi 
tile  aii^  Mi  K  ST  equcd  to  « d  jp,  or  to  the  spherical  an^le  a. 

Case  3*«^Here  it  is  obvious  that  A  I,  or  O  M,  is  equal  to  c 
and  the  angle  M  O  N  is  equal  to  the  given  spherical  aa^  a>  that 
ia»  to  c  ^  o;  tbcieCbre,  the  triangle  M  O  N  is  equal  to  c  dp; 
laisLiM  M  STas  c and  O  N     dp,  Abo  aiaca  M  F  a  chM 
BC  as  he,  die  triai^  F  M  N  la  equal to^c/v  and,  coose- 
Meiitly,  F  N  B  p  6 ;  Bsoreover^  because  t  P  «s  0  N  9  if 
f  m  situated  with  respect  to  &e  pdbte        and  are  C  A»  as  ^,  i& 
Wiib  respect  to  0,  a,  and  arc  a  A,  but  p  A  has  been  found  s'K^  | 
therefore,  the  iaterseetion  of  an  arc  described  from  the  cesfttt 
P,  with  the  radius  F  N,  will  determine  the  point  H  corresposd- 
iig  to  /j,  and  the  arc  C  H  will  be  equal  to  ab. 

in  the  second  part  of  Case  3,  A  i,  or  O  M,  is  ec^ual  to  c  if 
and  B  K,  or  M  H,  to  c  f .  lience  the  angle  M  O  N  being  ec^ualie 
the  spherical  angle  a,  that  is  to  c  dp,  the  triangle  5l  ^  0  * 
equal  to  c  p  d,  and,  therefore,  M  N  =  c  p ;  but  MH  =  BK  =  i^^> 
therefore,  the  triangle  M  N  H  is  equal  to  the  triangle  c  p  9nv 
the  anele  M  H     or  MM  C»  equal  to  c  #p,.oi:  to  tbefiiph^^^ 

aught 

I  §m  resaaorfullY  yours> 
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Arxici-b  v. 

OnAtropiurr},  a  ve^v  Alkaline  Body  in  the  Leaves  of  Atroffi 
MtUadoma.   By     Kudolpti  Braadefi^^ 

M.  Brandes  first  states,  with  reference  to  another  paper  of 
his  which  has  not  come  to  liand,  that  he  found,  in  an  analysis  of 
the  leaves  of  atropa  belladonna,  that  pure  alkalies  precipitated  a 
substance  from  the  decoction  of  them  which  had  alkaline 
properties  like  morphium.  He  thea  boiled,  a  filtered  decoction 
of  the  leaves  of  atropa  belladonna  with  pure  magnesia,  washed 
the  powder  thus  obtained  with  water,  and  boiled  it  ia  alcohol. 
This  hot  solution  in  alcohol  had  likewise  alkaline  properties,  and 
proves,  therefore,  that  they  were  not  to  be  ascribed  to  the  alkaJi 
employed  in  the  fiist  experiment.  He  then  goes  on  to  state  the 
followmg  experiments : 

'  I  boiled  two  pounds  of  dried  leaves,  of  atropa  belladonna,  in  a 
sufficient  quantity  of  water,  pressed  th6  decoctiod  out»  and 
bofled  the  remaining  leaves  again  in  water.  The '  decoctiopft 
were  mixe<1,  and  I  added  some  sulphuric  acid  in  order  to,  throw 
down  the  albumen  and  similar  bodies  ;  the  solution^  is  thus  ren-> 
dered  thinner,  and  passes  more  readily  through  the  filter.  The 
decoction  was  then  supeisaturated  with  potash,  by  which  I 
oi)tained  a  precipitate  that,  when  washed  with  pure  water  and 
dried,  weighed  89  grs.  It  consisted  of  small  crystals,  from  which, 
by  repeated  solution  in  acids,  and  precipitation  l3y  alkahes,  the  new 
alkalme  substance,  atropium,  was  obtained  in  a  state  of  purity. 

Properties  of  Atropium, — The  external  appearance  of  atropium 
varies  considerably  according  to  the  different  methods  by  which 
it  is  obtained.  When  precipitated  from  the  decoction  of  the 
herb  by  a  solution  of  potash,  it  appears  in  the  form  of  very  small 
short  crystals^  constituting  a  sandy  powder.  When  thrown 
down  by  ammonia  from  an  aqueous  solution  of  its  salts,  it 
appears  in  fiakes  like  wax,  if  the  solution  is  much  diluted ;  if. 
coQcentiatedi  it  is  gelatinous  like  precipitated  alumina :  when 
obtained  by  cooling  of  a  hot  solution  in  alcohol,  it  crystallizes  In- 
fen^y  acicidar,  transparent*  birilliant  crystals^  often  exceeding  oi^^ 
inch  in  length,  ^hicli  are  sometimes  feathery  \  at  other  times 
i^rlike  in  appearance,  and  sometimes  they  w  single  crystals* , 
Atropium,  however,  is  only  obtained  in  such  a  crystalline  i^tate 
vriien  rendered  perfectly  pure  by  repeated  solution  in  muriatic 
•«id,  and  precipitation  by  ammonia  :  a  solution  of  impure 
ttropium  wnich  I  made  by  boiling  the  decoction  of  the  leaves 
<tf  atropa  belladonna  with  magnesia,  and  dissolving  the  precipi-» 
tated  alkali  in  hot  alcohol^  has  not,  during  half  ay  ea^r^  deposited 
^y  orystak  but  merely  fiakes. 

•   

*  From  Sciiweigger*!  Journal,  vol  xxviii.  p.  !• 
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The  colour  of  atropium  depends  in  a  great  measure  upon  its 
state  of  purity.  W  hen  perfectly  pure  it  is  snow  white,  other- 
wise it  is  more  or  less  yellowisli-white.  When  pure,  it  has  no 
taste.  When  strongly  heated ,  it  is  decomposed,  is  charred^  and 
gires  out  an  empyreumatic  smell. 

Cold  water  lias  hardly  any  effect  upon  dried  atropium,  but  it 
dissoWes  a  small  ouantil^  when  it  is  recently  precipitated;  and 
-boiling  water  dissolves  still  more. 

Cold  alcohol  dissolves  but  a  minute  portion  of  atropium^  but 
when  boiling  it  readily  dissolves  it.  Atropium,  however,  is 
much  more  difficultly  dissolved  by  boiling  alcohol  than  mor- 
phium,  and  while  the  solution  is  cooling,  the  greatest  part  is 
again  deposited.  In  order  to  ascertain  whether,  after  the  crys- 
tallization of  the  atropium,  the  remaining  spirit  coutaiaed  any 
quantity  of  this  body,  1  evaporated  two  drachms  of  it,  but  they 
left  scarcely  a  trace  of  it. 

Ether  and  oil  of  turpentme  had  even,  when  boiling,  little 
effect  upon  atropium.  Hot  oil  of  almonds  dissolved  a  much 
greater  quantity  of  it,  and  seemed  to  become  less  fluid.  The 
experiment,  however,  was  made  on  so  small  a  scale  that  1  was 
•  miable  to  ascertain  whether  the  oil  had  undergone  the  same 
-alterations  which  Chevreul  and  Braconnot  observed  in  sapom« 
fied  fat,  and  which  Boullay  believes  he  has  produced  by  picro- 

Salts  of  il^ropttim.— Atropium  forms  salts  with  acids,  the 
greater  number  of  which  are  readily  soluble  in  water;  but  I 
never  have  succeeded  in  obtaining  them  perfectly  neutral,  or  ia 
freeing  them  completely  from  adhering  acid.  Even  when  car^ 
fully  washed  and  pressed  between  fine  paper,  they  reddened 
litiuLis  pin)er  in  most  cases  ;  but  wlien  care  was  taken,  there 
was  only  a  trace  of  frcf;  acid  reuiauung,  and  which  cauuot  be 
regarded  as  an  objection  to  considering  the  atropium  as  the  basis 
of  salts  ;  for  the  whole  quantity  of  acid  combined  witii  the  iilka- 
iine  body  would  have  produced  a  much  more  powerful  etiect 
iipon  litmus  paper,  had  it  not  been  attracted  and  neutralised  by 
this  substance. 

Atropium  and  Sulphuric  Acid. — Atropium,  when  slightly 
heated  with  concentrated  sulphuric  acid,  is  decomposed  and 
blackens;  a  similar  effect  takes  place  when  sulphate  of  atropium 
in  its  crystalline  state  is  dried  without  being  previously  washed 
with  alcohol,  and  deprived  of  the  adhering  acid.  Diluted  sol* 
phuric  acid  dissolves  atropium  after  some  time,  and  more  easily 
when  the  alkali  has  not  been  dried.  Exposed  to  spontaneooB 
evaporation,  crystals  of  sulphate  of  atropium  appear,  ofwWchI, 
however,  could  not  ascertain  the  form  with  sufficient  accuracy, 
there  existing  a  great  variety  of  crystals,  and  the  planes  being 
very  imperfect.  The  most  perfect  seemed  to  me  to  be  rhomboe- 
drical  tables  and  prisms  with  square  bases  ;  the  lateral  planes 
partly  truncated,  axid  the  lower  acute  angle  of  the  new  piaues 
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often  reaching  down  to  the  middle  of  the  prism*  These  trian- 
gular planes  appear  frequently  on  the  crystab  of  solphate  of 
atroptum*  and  are  distinguishaUe  by  their  great  lustre. 

The  sulphate  of  atropiom  is  sohible  ii|  four  to  five  parts  of  cold 
water;  it  seems  likewiae  to  be  sotoble  in  aloohol;  for  when  i 
had  poured  the  remaining  liquid  from  die  crystala^  and  begun  to 
wash  them  with  spirit  of  90  per  cent,  alcohol,  a  quantity  of  the 
salt  seemed  to  disappear,  and  this  cold  solution  in  alcohol,  when 
ammonia  was  added,  became  milky  by  the  precipitation  of 
atropium. 

It  does  not  attract  moisture  from  the  air,  when  as  much  as 
possible  freed  irom  its  adhering  sulphuric  acid,  but,  on  the  con- 
trary, it  loses  its  water  of  crystallization.  It  is  decomposed 
when  strongly  heated,  and  becomes  black. 

The  salts  of  barytes  deprive  this  salt  of  its  sulphuric  acid,  and 
the  carbonated  as  well  as  the  pore  alkalies  preciiMtate  atropium 
from  the  solution. 

Conynmtion  of  Sulphate  of  Atropium,'^{A.)  Three  grains 
were  exposed  on  a  watch  glass  to  a  moderate  heat.  WhUe  the 
water  or  crystallization  was  evaporating,  it  became  slowly  opaque, 
assumed  a  milk-white  colour,  on  a  few  places  it  had  begun  to 
blacken,  and  resembled  enamel  in  appearance.  When  it  had 
ceased  to  lose  weiglit  by  heat,  the  loss  amounted  very  nearly  to 
three-fourths  of  a  grain,  or  25  per  cent,  which  is  to  be  considered 
as  water  of  crystallization.  Ihe  salt  was  only  iii  a  very  sHght 
degree  decomposed,  and  whs  almost  entirely  soluble  in  water. 

(B.)  Three  'grains  of  the  same  salt  were  dissolved  in  water, 
and  ammonia  was  added  to  the  solution.  The  precipitate,  when 
collected  on  a  hlter,  weighing  3-^  grs.  washed  and  dried  amounted 
to  a  little  more  than  l-^  grs. 

(C.)  The  filtered  liquid  from  (B.)  after  being  supersaturated 
W  acetic  acid  was  mixed  with  a  solution  of  muriate  of  barytes. 
there  was  as  much  sulphate  of  barytes  obtained  after  heating  it 
ted«  as  would  indicate  almost  36  per  cent,  of  sulphuric  acid* 
The  sulphate  of  atropium,  therefore,  is  composed  of 

Atropium  •^Z.  39 

Sulphuric  acid  36 

Water.   25 

Too  . 

I  must  confess  I  had  some  doubts  as  to  the  correctness  of 
tiiis  analysis,  for  on  comparing  it  with  that  of  the  sulphate  of 
strychnium  by  Pelletier  and  Caventou,  and  that  of  sulphate  . 
of  picrotoxium  by  Bonllay,  and  my  own  analysis  of  sulphate  of 
niorphium,  it  appears  that  all  these  three  alkaline  substances  are 
very  low  in  saturating  power ;  while  the  atropium  would,  accord- 
ing to  my  analysis,  neutralise  a  much  larger  quantity  of  sulphuric 
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mcid.  if|  however,  there  was  oabr  a  Blight  inaccuracy  in  tfaa 
analysis,  or  if  there  had  tenminea  some  free  svtohane  acid  m 
the  salt,  iihie  of  coarse  matt  awke  a  gmtt  dincrence  in  the 
Molt^  the  experimeKts  being  made  mOi  no  mubII  a  quantity.  I 
tbtfefore,  tboDght  it  neoessaoPT  to  repeat  my  fMalysia  vmh  a 
larger  quantity  of  sak,  &r  waich  (Purpose  I  diisoiTed  a  new 
ifuantity  of  atropium  in  dilated  sdphunc  acid|  and  exposed  the 
solution  to  spontaneous  evaporation.  I  obtained  beanttftd  evys* 
talis,  winch  i  washed  with  alcohol,  and  repeatedly  pressed  them 
between  fine  blotting  paper.  Thus  I  obtained  18  grs.  of  sul- 
phate of  atropuim. 

Five  g^ianis  oi'  this  salt  were  carefully  heated  to  expel  the 
water.  The  loss  amounted  to  l^-  gr.  which  indicates  26  per 
cent,  water  of  crvstallization. 

Ten  grains  were  dissolved  in  water,  and  decomposed  by 
muriate  of  barytes.  The  weight  of  tlie  sulphate  of  baxytee  was 
11  grs.  equal  to  36*13  per  cent,  of  sulphuric  acid. 

After  me  deduction  of  25  water  and  36^18  sulphuric  acid, 
Aere  remains  38*87  for  the  atropium^  and  the  composition  of 
au^hate  of  atropium  will  be : 

Atropium  .   *  38'87 

Sulphuric  acid  «  36*  13 

Water-..   2500 

100-00 

The  close  approximation  in  the  results  of  both  analyses  must 
evidently  lead  me  to  the  conclusion  that  the  error  could  not  be 
very  e:reat.  My  doubt  as  to  the  great  saturating  capacitv  ot  the 
atropium  induced  nic,  however,  to  make  a  third  experiment.  I 
took  atropium,  obtanied  by  cooling  a  hot  spirituous  solution,  put 
it  into  some  fresh  alcohol,  and  added  sulphuric  acid  until  it  waa 
dissolved.  The  spirituons  solution  was  completely  e^r,  and 
jrieldedy  after  spontaneous  eraporatioa,  beautiful  cvystsds  of 
sulphate  of  atit^ium.  After  washing  them  with  ether  vatil  this 
fluid  ceased  to  redden  litmus  paper>  f  dried  the  salt  between  fine 
blotting  paper.  * 

With  this  salt  I  repeated  my  analyais.  By  drying  three  grains 
I  found  the  water  of  erystaHization  amounting  to  nearly  24  per 
cent.  Three  grains  were  dissolved  in  water,  and  the  solution 
reddened  litmus  paper  slightly,  notwithstanding  repeated  wash- 
ing With  ether.  TJie  sulphuric  acid  was  precipitated  by  a  so- 
lution of  muriate  of  barytes.  The  weight  of  the  sulphate  of 
barytes,  after  exposing  it  to  a  red  heat,  was  3-25  grs.  indicating 
1*113  gr.  of  sulphuric  acid,  equal  to  37*1  per  cent. 

The  composition  of  sulphate  of  atin^pium,  aocordiag  to  thia 


Digitized  by  Google 


I&21  J  M,  Brandes  on  Atropium.  2(57 

Atropium  38*9 

Sulphuric  acid  37*1 

Water  24*  0 


100-0 

.  This  I  thought  sufficient  to  remove  all  doubts  as  to  the  graal 
saturating  power  of  atropiam*  It  proves  the  peeuEar  imtoia  of 
this  alkaline  body,  when  compared  with  the  rest  of  the  seanalo^ 
gous  substancesi  all  of  which  are  ci^aUe  of  neatfalisiiig  ooly  a 
Teiy  small  aaantity  of  acid.  Even  piorotoxiuniy  though  aoecmi- 
ing  to  Boullay,  only  crystallizable  when  an  excess  of  acid  is 
j^resent^  as  appears  to  be  the  case  with  atro]>iam9  is  capable  of 
combining  wttb  only  nine  per  cent,  of  sulphuric  acid.  I  have  little .  . 
donbt  that  the  mean  nmnber  of  these  three  analyses  will  approach 
very  near  to  truth,  and  that,  therefore,  sulphate  of  atropium  is 
compuaed  of 

Atropium  38-93 

Sulphuric  acid   • « •  36*52 

Water   24-65 

'  100-00 

It  seems  as  if  atropium  is  capable  of  combining  in  di&rent 
proportions  with  sulphunc  acid.  I  once  added  an  excess  of 
sulphuric  acid  to  atropium  difibsed  in  water,  and  I  observed  a 
sudden  iermation  of  long  prismatic  crystals,  which  seemed  to 
be  bisnlphate  of  atropium.  These  crystals  xeqnired  several  hmi« 
dred  times  their  weight  of  water  for  solution,  while  the  salt  of 
atropium  whiph  I  aimlysed  was  soluble  in  four  or  five  parts.  It 
is  well  known  thatwith  picrotoxium  lite  case  is  similar.  I  made 
sevend  experiments  to  prepare  that  salt,  but  I  could  succeed 
only  when  I  diffused  atropium  in  alcohol,  and  then  added  an 
abundant  quantity  of  sulphuric  acid.  By  tlub  process  tlie  salt 
^^ckly  appeared  as  a  crystalline  precipitate. 

Once  as  I  evaporated  a  spirituous  solution  of  sulphate  of 
atropium,  I  was  struck  with  the  smell  of  bitter  almonds.  To 
determine  whether  the  solution  contained  pmssic  acid,  I  diluted 
it,  and  added  some  solution  of  sulphate  of  deutoxide  of  iron  : 
there  did  not,  however,  appear  the  least  trace  of  a  blue  colour. 

Atropium  and  Muriatic  Acid» — The  salt  produced  by  the 
combination  of  muriatic  acid  and  atropium  appears  in  beautiful 
white  brilHant  crystals,  which  are  either  cubes  or  square  plates, 
similar  to  the  muriate  of  datorium.  It  is  readily  soluble  in 
water  and  alcohol.  By  nitrate  of  silver  the  chloride  is  precipi- 
laittdi.  and  the  sikalks  ff«m|atate  puM  atron^  Even 
after  the  most  caiaial  washing,  I  iafamays  obsomd  soma  tsaoia 
tffreeaoid. 
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lysis  not  only  to  ascertain  the  composition  of  this  salt,  but  also  to 
obtain  additional  evidence  as  to  its  great  saturating  power. 

(A.)  Three  grains  of  muriate  of  atropium,  when  dried  at  such 
a  temperature  that  no  decompositioa  of  the  alkaii  could  take 
place,  lost  nearly  l-rzih  gr. 

(B.)  Three  firains  of  the  same  salt  were  dissolved  in  water, 
and  the  atropium  thrown  down  by  ammonia.  After  repeated 
washing  with  small  quantities  of  water,  it  was  collected  on  a 
filter,  which,  after  being  dried  carefully,  showed  an  incTease  of 
weight  of  nearly  I'^th  gr.  which  were  atropium. 

1^  composition  of  this  salt  is,  thmfore, 

Atropium  39-19 

Muriatic  acid  25*40 

Water.  36-41 

100-00 

Atropium  and  Phosphoric  Acid, — Atropium,  when  dissolved 
in  a  ixreat  quantity  of  phosphoric  acid,  and  evaporated,  forms  a 
mass  like  gum,  which  attracts  the  moisture  of  atmospheric  air, 
and  deliquesces.  If  less  phosphoric  acid  is  used,  the  solution, 
after  spontaneous  evaporation,  yields  some  quadrangular  prisms, 
which  salt  is  readily  soluble  in  water,  and  is  likewise  readily 
dissolved  by  alcohol. 

On  other  Salts  of  Atropium. — Nitric,  acetic,  and  oxalic  acid 
dissolve  atropium,  and  form  acicular  salts,  all  soluble  in  water 
and  alcohol.  The  acetate  and  nitrate  of  atropium  are  hygrome- 
tric.  All  are  decomposed  by  tbe  alkalies  and  by  their  carbo- 
nates. 

Nitric  acid  acts  much  less  powerfully  on  atropium  than  on 
stiychnium,  according  to  Pelletier  and  Uaventou. 

Observaiiom  on  the  Equivalettts  of  Atropium.^^l  have  shown 
that  sulphate  of  atropium  is  composed  of 


Atropium  3893 

Sulphuric  acid  •  36*52 

Water  24-66 

100*00 

and  that  muriate  of  atropium  consists  of 

Atropium  39*19 

Muriatic  acid  «••  •  25*40 

Water.  . . . ;  35-41 


100*00 

*  •  .  .  • 

If  we  admit  that  in  the  alkalies  from  plants,  the  same  laws 
exist  as  are  ascertained  with  respect  to  those  from  inorganic 
bodies,  we  shall  be  better  Lible  to  find  their  equivalent  number, 
as  1  have  shown  in  my  analysis  oi  sulphate  of  morphium.  The 
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sulphate  of  atropiutn  appears  to  contain  three  times  as  much 
oxygen  in  the  acid  as  in  the  base ;  and  as  36f 52  sulphuric 

acid  contam  21*865  oxygen,  w  7*289  will  indicate  the 

oxygenin  38*93.  of  atropium,  ./ 

The  muriates  contain,  according  to  BerzeHns,  in  their  acid^ 
twice  the  oxygen  which  exists  in  the  base,  and  25*4  muriatic 

add  containing,  according  to  Berzelius,  14*825  oxygen  — — 

ss  7«412  will  indicate  the  oxygen  in  39*19  of  atropium. 

By  comparing  these  two  results,  it  will  be  to  and  that  they 
differ  very  little.  I  am,  however,  inclined  to  suppose  the  result 
of  the  analysis  of  the  sulphate  of  atropium  to  be  the  most  cor- 
rect, and  then  100  parts  of  atropium  would  contain  18*^1  oxy- 
gen, a  quantity  tiax  exceeding  the  oxygen  tbund  in  any  one  of  the 
simUar  alkalies. 

There  are,  however,  strong  reasons  for  beheving  that  the 
different  salts  which  have  been  analyzed  are  bisulphates  and 
bimuriates,  and  then  the  oxygen  of  the  atropium  would  only 
amount  to  one  half  of  the  above-mentioned  quantity.  The  salt 
which  is  above  described  as  a  bisulphate  then  would  be  a  qua- 
drisulphate.  The  oxygen  in  38'93  atropium  would  then  be 
3*644,  and  100  parts  of  atropium  would  contain  9*4  of  oxygen. 

The  oxygen  in  the  different  parts  of  sulphate  of  atropium 
would  be : 

*  Atropium   38*93    3-644 

Sulphuric  acid   36-52    21-866 

Water  24  o5   21-654 

The  oxygen  in  the  acid  and  in  the  water,  therefore,  are  equal, 
and  six  times  tibat  of  the  atropium. 

Accordiing  to  Berzelius's  theory,  l^e  oxygen  in  the  muriate  of 
atropium  would  be : 

Atropium   39*19    3*706 

Muriatic  acid   26*40    14*808 

Water   35-41    31-784 

The  quantity  of  oxygen  in  the  acid  is  four  times  as  mach  as 
that  in  tne  atropium,  and  that  of  the  water  twice  as  much  as 
that  of  the  add.  » 

One  hundred  parts  of  dry  ffulphate  of  atropium  contain 

Atropium  •  51*59 

Sulphuric  acid  48-41 

100-00 

Qrit  e<mristsof 
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Atropium   100  00    106-5 

Sulptorieacid   100-0 

Ofifi  kuadmd  parts  of  muriate  oi  atropium  would  coasut 

Atropium   , .  60*68 

MuriaUc  acid.   39*32 

100-00 

And 

Atropium....  100-0  ••••  154-3  would  combiae  with 
Munatic  acid*   t>4'^  •  •  • .  100*0 

On  tht  Alteration  which  Atropium  umkrff>es  when  halted 
with  Potashy  and  when  burned, — When  I  tried  some  other  sub- 
^stance  obtained  from  the  atropa  belladonna  by  heating  it  with 
potash,  I  obtained  a  salt  which,  when  supersaturated  with  acetic 
acid,  produced  with  muriate  of  iron  a  red  solution,  I  inferred 
from  this,  that  there  might  be  formed  sulphochyazic  acid.  Sus- 
pecting this  vegetable  substance  to  contain  atropium,  I  took 
some  of  this  alkali  as  it  had  been  precipitated  from  a  decoction 
of  atropa  belladonna,  and  heated  it  with  a  solution  of  pure  potash 
in  a  platina  spoon.  As  soon  as  the  action  of  the  potash  be[:;an, 
a  distinct  smell  of  ammonia  was  perceptible,  and  a  glass  rod  with 
strong  muriatic  acid  produced  a  white  cloud  when  brought  near 
to  it.  The  residuum  was  dissolved  in  water,  supersaturated 
with  acetic  acid,  and  tested  with  muriate  of  deutozide  of  ifon, 
which  instanUy  produced  a  red  colour. 

This  experiment  did  not  always  succeed.  It  proYes^  however, 
that  under  ceitam  circumstances  there  nay  be  formed  a  sub- 
stance from  atropium,  which  produces  a  Ted  coloor  with  deutok** 
ade  of  iron,  and  whkh  probably  is  sttlpbochyasic  acid»  Sulphur 
is,  perbtps,  a  constituent  of  atr(^ium.  The  polnsh  I  made  im 
of  had  a  sl^^^t  trace  of  sulphuric  acid. 

I  have  been  obliged  to  diseontmne  hiy  experiments  on  the 
properties  of  this  alkali.  The  violent  headaches,  pains  in  the 
back,  and  giddiness,  with  frequent  nausea,  which  the  vapour 
of  atropium  occasioned  while  1  was  working  on  it,  had  such  a 
bad  effect  on  my  weak  health  that  I  entirely  abstained  from  any 
further  experiment. 

I  once  tasted  a  small  quantity  of  sulphate  of  atropium,  the 
taste  was  not  bitter  but  merely  saline,  but  there  soon  follow  ed 
violent  headache,  shaking  in  the  limbs,  alternate  sensations  of 
heat  and  cold,  oppression  of  the  chest,  and  difficulty  in  breath- 
ing, and  diminished  circulation  of  the  blood*  The  violenoe 
of  these  symptoms  ceased  in  half  an  hour. 

Even  the  vapour  of  the  different  salts  of  atropium  produces 
giddiness.  When  exposed  for  a  long  time  to  the  vs^oum  of  a 
solution  of  nitrate,  phosphate,  or  sulphate  of  atrofiMi  the  fttfil 
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of  the  eye  is  dilated.  This  happened  frequently  to  me,  and  when 
I  tasted  the  salt  of  atropium,  it  occurred  to  such  a  degree  that  it 
remained  so  for  12  hours^  aiid  the  difierent  degrees  of  light  had 
no  intluence. 

This  is  suiiicient  to  show  the  poisonous  effect  of  atropium. 


AftTICLE  VL 

On  same  CapiUary  Metallic  Tin.  By  Janies  Smithson*  Esq.  FRS* 
(To  the  Editor  of  the  Amah  of  Phihsophy.) 

M.  Am7BRE,  a  few  da^s  ago,  accidentally  in  conversation, 
mentioned  a  fact  to  me  which  nmch  excited  mj  attention,  as  it 
appeared  to  me  completely  to  confirm  the  explanation  I  had 
ventured  to  offer  of  the  mode  offormatign  of  the  capillary  cop- 
per la  the  slag  of  the  Hartz,  printed  in  the  AnnaU  oj  F/uloaopAu 
for  July,  1820. 

For  some  purpose  of  the  arts,  Mr.  Clement  formed  a  cylinder 
of  copper,  and,  to  give  it  strength,  introduced  into  it  a  hollow 
cylinder^  or  tube,  of  cast  iron.  To  complete  the  union  of  these 
two  cylinders:  some  melted  tin  was  run  between  them.  With  the 
exact  particvilars  of  this  construction,  I  am  not  acquainted,  but 
the  material  circumstance  is,  that  during  the  cooling  of  this 
heated  mass,  a  portion  of  the  melted  tin  was  forced  by  the  alte« 
ration  of  volume  of  the  cyhnders  through  the  sub^ance  of  the 
cast-iron  cyUnder,  and  issued  over  its  internal  surface  in  the 
state  q£  fibres,  vdiich  were  curled  and  twisted  in  various  direc- 
tions* This  form  in  the  fibres  of  copper  I  had  considered  as 
very  favourable  to  my  hypothesis.  Such  was  the  tenuity  of 
these  fibres  of  tin  that  little  tufls  of  them  applied  to  the  flune 
of  a  candle  took  fire,  and  burned  like  cotton.^ 

This  passage  of  mdted  tin  through  cast-aion  has  a  perfect 
agreemmitwittL  the  passase  of  Mter  by  pressure  through  gold, 
and  tiends  to  elucidate  ana  confirm  the  account  of  the  celebrated 
Florentine  experiment.  Had  die  water  on  that  occasion  issued 
solid,  it  would  have  been  in  fibres. 

This  penetration  of  solid  matters  by  fluids,  by  means  of  great 
mechamcal  force,  will,  perhaps,  come  to  be  thought  deserving 
of  more  attention  than  has  been  yet  paid  to  it;  besides  any 
scientific  results  to  which  the  consideration  of  it  may  lead,  it 
may  be  found  to  aHbrd  compound  substances,  not  otherwise 
obtainable^  and  of  value  to  the  arts. 

I  ma,  Sir,  your  most  obedient  servant, 

James  Smithson. 
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Articjle  VIII.  ^ 

JL  Mathematical  Inquiri/  into  the  Causes,  Lam,  and  principal 
Phenomena  of  Heat,  Gases,  Gramtation,  ijc.  By  Joim  He- 
rapathy  Esq. 

DEAR  SIR,  Cranjbrd,  near  HoumUm^  Mmrdk  91, 18Sf • 

The  following  mathematical  mvesti^^ation  of  the  causes,  lawfr> 
and  principal  phenomena,  of  heat,  gases,  gravitation,  &c.  was 
drawn  up  about  10  months  since,  for  the  purpose  of  iDeing  laid 
"before  the  pubh'c,  in  the  Transactions  of  the  Royal  Society.  A 
knowledge  that  the  Royal  Society  had  been  desirous  of  having 
these  subjects  investigated,  and  a  belief  that  they  would,  there- 
fore, have  been  pleased  with  this  mark  of  my  respect,  and  have 
caused  the  subject  to  be  sifted  to  the  bottom,  were  i3ie  motivei 
whidi  induced  me  to  present  them  with  the  first  fruits  of  mj 
labours.  Having,  however,  notwithstanding  the  marked  kino- 
ness  of  the  President,  and  another  highly  distinguished  and 
enlightened  member  of  that  Society,  experienced  from  otfaera  an 
iiiilooke4*for,  and,  I  mijsht  almost  venture  to  sav,  an  illibenl 
opposition  for  upwards  o  Aine  months,!  have  thought  it  expedient 
to  withdraw  this  paper,  together  with  another  which  I  composed 
at  the  suggestion  or  Sir  H.  Davy,  confirming  by  experiment  nrr 
views  on  tne  more  material  points,  in  order  to  oring  them  both 
before  the  public  through  a  different  channel. 

It  is  not  my  intention  here  to  detail  the  discouraging  and 
extraordinary  hne  of  conduct  which  has  been  pursued  in  this 
affair,  because  I  shall  have  it  in  ray  power,  at  the  end  of  these 
papers,  to  enter  fully  into  particulars ;  but  I  request  you  will 
have  the  goodness  to  print  the  communications  just  as  they  now 
stand ;  for  the  circumstances  of  the  case  being  such  that  it  will 
be  necessary  publicly  to  invite  the  attention  of  the  whole  Royal 
Society  to  tnis  subject,  I  wish  to  make  no  alterations,  but  to  give 
those  who  have  opposed  me  a  fair  opportunity  of  overturning 
that  against  which  tney  have  not,  in  so  long  a  period,  producea 
one  valid  objection;  or  of  justifying  a  conduct,  which,  though 
but  belon^ng  to  a  part,  might;  possibly,  in  the  eyes  of  the  worn, 
from  the  importance  of  the  subject,  prodac^  serious  reflections 
on  die  whole  of  a  Society^  so  long  distinguished  for  its  candour^ 
liberality,  and  prompt  encouragement,  of  scientific  pursuits. 

I  have  the  honour  to  be,  dear  Sir, 

Your  most  obedient  servant. 

To  Ridmd  PhiUi^iy  JOHN  HbBAFATH* 


Nmo  Strks,  vol.  i*  s 
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Oil  the  Fhmical  Constitution  of  the  Universe.    (In  a  Letter  to 
i>avies  Gilbert,  Ksq.  MP.  FES.  &c.) 

DEaR  8IR, 

'  In  the  following  memoir,  which  I  have  to  request  you  will  do 
mc  the  honour  of  submitting  to  the  consideration  of  the  Koyal 
Society,  I  have  endeavoured  to  unravel  the  causes  of  some  of 
the  leading  phsenomena  of  the  universe,  such  as  those  of  heat, 
graTitotion,  &c.  That  a  correct  judginent  may  the  more*  easily 
ft  fanned  of  the  nature  of  this  memoir,  I  have  prefixed 'a  ibnef 
account  of  the  train  of  thought  Tpursued  ia  my  inTestirations; 
which  wtU'  tend  to  throw  a  .considerable  light  over  what  foOows; 
Abd 'because  I  cpneeive  no  theoiv  estabhshedy  however  *  well  *it 
'may  accord  with  phtBuomena,  unless  it  can  be  shown  aH  others 
'dd  iiot,*I  intended  to  take  aTeWew  of  some  of  the  principdrfaypiH 
ih^aes  that  haire  been*  advanced- and  supDortedby  di/Ferent'mk 
losopfaers;'  and  *  to  show-  wherein  I  think  'them  defecthre*;  but 
afterwards  considering  that  this  >vould  extendthe  memoir  io  a 
much  greater  length  than  1  wish,  and  that  I  might  probably  be 
obliged  to  press  a  little  hard  on  the  favourite  opinions  ot  some 
respectable  philosophers,  I  have  for  the  present  laid  thif5  design 
aside.  For  bimilar  reasons  I  have  omitted  all  comment  and 
comparisons,  except  what  are  necessary  for  the  elucidation  of  the 
subject.  I  have  likewise,  in  consequence  of  a  conversation  that 
I  lately  had  with  W.  Clayiield,  Esq.  materially  changed  the  plan 
of  this  memoir,  so  as  to  render  the  connexion  and  dependence 
between  the  pnnciples  and  consequences  more  apparent.  And 
in  order  to  trespass  as  little  as  possible  on  the  time  of  the  Royal 
Society,  .1  have  only,  demonstrated  some  of  the  elementary  prot- 
positions ;  reserving  the  proofs  of  others  to  a  future  periody  when, 
if  the  little  that  1  have  done  receive  the  countenance  of  the 
R6yal  Society,  i  might  be  induced  to  take  a  more  elevated-view 
of  the  subject,  and  to  touch  upon  odier  things  that  are  notmeQ«- 
itoned; 

The  Roval  Society  will'  easily  perceive  thatf  I  am  indebted^  for 
the  hint  or  the  cause  of  gravitation  to  Sir  Isaac  Newton,  though, 
pierhapsy  it  will  be  found,  that  I  have  carried  the  idea  much  fuF> 
ther,  and  have  extended  it  to  the  development  of  a  much  greater 

variety  of  phaenomena  than  he  could  have  anticipated.  It  would 
be  preposterous  for  me  in  this  plaee  to  name  other  distinguished 
philosophers  to  whose  accurate  experiments  and  luminous  views 
I  have,  in  the  course  of  my  inquiries,  been  under  great  obliga- 
tions ;  but  I  cannot  let  slip  thi^  opportunity  of  acknovvled2rin<X» 
that  if  it  shall  appear  I  have  been  any  way  successful  in  my  soli- 
tary rambles  through  these  exalted  regions,  it  is  probably  in  a 
great  measure  cw-ing  to  your  kind  encouragement  and  directions, 
and  to  the  flattering  approbation  you  were  pleased  to  bestow  on 
my  juvenile  eflbrts  so  long  ago  as  the  beginning  of  1809^  when  I 
had  the  pleasure  of  being  introduced  to  you  by  myiate  respected 
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ftiend  Vem,  ..£sq»  of  ^HTintcrhoiiniet  Withoul  suoh  stnuIiM 
lonight  Aevef  naTe  luul  sufficiei^t  confidence  m.inyeelf  to  tre^ 
Ijip^e  intricate  a&d  almost  ttftckIesi^  patbs  of  Bcience.  ' 

An  Anafyfkal  Inquiry  into  the  Cause  of  OravUiUiati,  Heat,  S^it^ 

Several  years  ago,  namely,  in  July  1811,  while  amusing  myself 
with  calculating  some  of  the  lunar  equations  from  theory,  I  was 
induced  to  try  to  compute  the  annual  equation,  to  the  moon*a^^ 
loeaa  motion,  somewhat  after  the  manner  in  which  Newton  haa^ 
ciJculated  the  magnitude  of  the  variation.  The  result  of  this 
calculation,  which  considerably  exceeded  the  quantity  given  ia 
the  tables  of  Halley,  the  only  ones  I  then  had,  very  much  sur- 
prised me.  At  first  1  thought  1  had  committed  some  error^  q% 
made  some  erroneous  aaaumption ; .  but  on  re-examining  the 
^sal^oliis,.  and  making  every  allowance  which  I  thought  might 
hMxe  aay.  influence,  I  satisfied  myself,  that  aa  far  as  my  fundar 
mental  principles  were  correct^  nothing  was  neglected  whidt 
could  affect  the.  result  to  aoy  thiog  like  the  magnitude  of  the 
difference*  At  atvotber  time  it  occurred  to  me,  that  the  q uahtiiir 
cfthe  equation,  as  ffiven  in  .the  tables,  might  possibly  beitaell 
Inqsjnall.-  I,  therefore,  set  myself  alu>ut.conreGting  it  from,  the  * 
cbservations  atthe  ei^d  of  Hailey's  taUes ;  but  so^  far  from  solv^ 
iag  the  difficulty  by  this  means,  I  found  the  .  difference  xnucli 
^^Ifieater ;  for,  as  far  as  I  remember,  the  maximumrof  the  equatioi:^ 
T  found  to  be,  instead  of  1 1'  49'',  only  about  11'  17" ;  that  iS| 
but  a  few  seconds  greater  than  the  quantity  given  in  the  very 
correct  tables  of  Burg.  Baffled,  therefore,  in  this  attempt  to 
xeconcile  observation  and  theory,  I  conceived  that  the  quantity 
determined  from  observation  must  be  the  result  of  two  opposite 
equations,  one  of  which  had  escaped  the  cognizance  of  theory. 
And  in  this  opinion  I  seemed  to  be  more  confirmed  by  another 
calculation  of  this  equation,  by  means  of  an  exponential  theorem 
I  had  just  before  discovered,  and  by  observing  that  the  computa- 
tion of  the  same  equation  by  Machm,  on  the  principle  of  an 
equant,  came  out  also  much  greater  than  the  quantity  by  obsery 
vation.  It  is  true  I  was  for  a  httle.  while  staggered  in  my  opinion 
by  the  statement  of  Newtoui  in  the  scholium  to  prop.  35,  book  3^ 
^  the  Priacipia,  in  which  ho  says,  that  he  had  calculated  tho 
mean  greatest  quantity  of  this  equation  from  the  theory  of  graviT 
tation  at  II'  49r',  But  as  I  observed  that  he  simply  named  the 
without  even  l^inting  at  the  method  of  calculaikiony  though 
iuaibeneathy  in  the  same  scholium^  he  minutely  enoush  describes 
W^oalculoa  of  one  or  two  other 'equations  of  considerably,  leas 
difficulty ;  and  as  I  had  observed  that  the  quantity  I  had  brought 
<^llt  would  coincide  with  his,  if  diminished  in  the  ratio  of  the 
moon's  bynodical  to  her  siderial  period,  I  thought  it  very  pro- 
hable  that  Newton  had  pnrsued  the  same  course  that  lhad  j.and  ^ 
Aat  finding  his  numbers  would  agree  with  observation,  if  dimi«» 
"^hed  in  me  said  ratio  of  the  syaodical  to  the  siderial  period^ 
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lie  diminished  them,  thioking  there  might  be  a  reason  for  it 
'Hidch  he  did  not  perceive ;  but  not  being  thoroughly  conTineed^ 
Im  chose  rather  to  omit  than  describe  a  calculation,  with  ererf 
jift  of  which  he  was  not  perfectly  aatisfied*  This  at  least 
smpe'ared  to  me  a  very  plausible  way  of  accounting  for  Newton's 
wence :  but  whether  it  be  a  correct  one,  it  is,  perhaps,  not 
worth  ttie  trouble  of  discussing,  especially  since  the  complete 
^Hsladaition  of  this  equation,  by  die  celebrated  LaplacCt  in  tfie 
3f  ^canique  Celeste,  shows,  that  whatever  may  have  been  New-  . 
ton's  method,  it  was,  as  well  as  my  own,  much  too  loose  and 
inaccurate  to  be  depended  on.  It  is,  however,  remarkable,  that 
all,  or  most,  of  the  calculations  of  the  ann.  equa.  hitherto  made 
£rom  theory,  give  the  quantity  of  this  equation  greater  than 
observation  ;  and  this  is  even  the  case  with  Laplace's. 

Having  now,  as  I  thought,  satisfactorily  accounted  for  the 
^Bfference  between  Newton  s  numbers  and  mine,  I  became  more 
4Jtrongly  persuaded  in  myself  that  the  tabular  magnitude  of  the 
nn.  equa.  was  the  difference  of  two  equations;  and,  therefore, 
I  frequently  tried  to  unravel  the  cause  and  magnitude  of  the 
indeterminate  one,  but  without  success.  At  length,  about  the 
middle  of  the  following  September  (1811),  my  attention  beings 
inTohmtarily  turned  to  a  consideration  of  Newton's  opinion 
jespecting  the  cause  of  ^vitationi  1  fencied  that  I  saw  a  true 
Solution  of  the  difficuUy  mquestion^  as  well  as  a  complete  deve* 
lopment  of  the  cause  of  gravitation. '  If,  argued  I  with  mysdl^ 
gravitation  depends  upon  the  action  of  an  elastic  medium,  snek 
as  Newton  supposes,  which  grows  rarer  and  rarer  as  you 
^proach  the  dense  bodies  of  the  sun  and  planets,  there  ought  to 
he  some  reason  for  this  variation  of  tlensity ;  and  as  Newton  htm 
as  far  as  I  could  perceive,  given  any,  I  be^an  to  consider 
^at  it  might  *  be.  And  after  some  KtHe  thinkmg,  It  occurred 
to  me,  that  if  this  medium  be  of  the  same  nature  as  our  atmo* 
54sphere  and  other  gaseous  bodies  ;  that  is,  if  it  be  capable  of 
oeing  expanded  by  heat,  and  contracted  by  cold,  then,  the  sun 
l)eing  a  very  hot  tjody,  and  the  heat  being  so  much  the  greater 
the  nearer  we  are  to  him,  the  density  of  the  medium  ought^ 
therefore,  to  decrease  with  a  decreasing,  and  increase  with  an 
increasing  distance,  the  same  as  Newton  would  have  it.  And 
because  we  find  by  experience  that  dense  soHd  bodies  receive 
beat  more  strongly  than  much  rarer  ones,  particularly  than 
^ases,  the  dense  bodies  of  the  planets  being  heated  by  the  solar 
rays  as  well  as  by  the  medium  about  them,  ought,  it  appeared  ta 
me,  to  be  hotter  than  this  medium,  and  consequently  ousht  to 
produce  the  same  effects  on  the  medium  as  the  sun,  thou^  not 
m  so  great  a  degree.  Therefore  if,  as  NewAgn  imagines,  Ae 

*  The  only  accounts  I  bad  seen  of  Newton's  ideas  of  this  sab}^  wei^  in  bis  OpCict» 
and  at  the  end  of  the  Prindpia.  I  have,  however,  lately  read  a  letter  that  he  wrote  t«r 
Mr.  Boyie,  printed  in  BiahoD  Uoniley'ii  edition  oi  his  works,  whczein  be  gim  hit  Ojpi- 
aion  ef  tUs  fluid  mudiiim  ■§  wing  of  the  same  nature  as  our  air. 
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pftTticles  of  the  planets  be  impelled  towards  the  suq  by  the  ine* 
quality  of  pressure  on  their  further  and  nearer  sides,  the  denser 
parts  of  die  medium  pressing  more  forcibly  than  the  rarer,  tikm 
same  reason  will  likewise  nold  good  why  bodies  shodd  be 
impelled  towards  the  planets  ana  other  material  parts  of  ih# 
system. 

And  by  considering  these  things  further,  it  seemed  to  me  that  . 
if  such  be  the  cause  of  gravitation,  the  intensity  of  the  impelling 
force  should  be  subject  to  the  influence  of  two  circumstances  ; 
namely,  the  number  of  particles  ia  the  central  body,  and  their 
temperature  ;  so  that  it  becomes  greater  wlien  either  of  these 
becomes  greater,  and  less  when  it  becomes  less.  But  shice  the 
earth  in  its  passage  round  the  sun  is  sometimes  at  a  greater  and 
sometimes  at  a  less  distance  from  it ;  and  since  the  regions 
which  are  nearer  the  sun  arc  hotter  than  those  which  are  more 
remote,  the  temperature,  and  consequently  the  attraction  of  the 
earth,  should  increase  as  the  earth  approaclied  the  sun,  and 
diminish  as  it  receded  from  it,  so  as  to  be  greatest  about  thd 
pehheiioni  and  least  about  the  aphelion.  And  this  being  the 
case,  the  moon  must  move  in  a  contracted  orbit,  and  swifter 
lound  the  perihelion  earth,  and  in  a  dilated  orbi^  and  slower 
round  the  aphelion  earth ;  by  which  means  an  equation  to  th/^ 
moon's  mean  motion  must  be  generated  contraiy  to  the  ann,  equa» 
and  diminish  it,  the  same  as  I  had  supposed  some  unknowni 
equation  ought  to  do  with  the  theoretical  annual  equation  t# 
leduce  it  to  die  tabular. 

Thus  it  happened  that  the  inadequate  method  of  computatioa 
I  had  adopted,  brought  out  a  quantity  which  so  well  accorded 
with  my  first  theoretical  views  of  the  cause  of  gravitation,  that  I 
could  not  help  placing  great  confidence  in  the  theory  I  had 
embraced.  I,  therefore,  carried  on  my  speculations  with  that 
ardour  which  a  strong  prejudice  in  favour  of  the  truth  of  my 
principles,  and  the  sanguine  hopes  of  succeeding  in  so  great  a. 
problem  as  that  of  developing  the  cause  of  gravitation,  might 
naturally  be  supposed  to  inspire;  but  1  soon  found  that  beiore 
1  could  proceed  any  further,  I  must  establish  the  cause  of  heat^ 
and  reduce  its  phaenomena  to  mathematical  laws.  This  I  at  first 
attempted  to  do  by  endeavouring  to  find  out  the  relation  whick 
should  exist  between  the  masses  of  the  particles  of  the  ethereal 
medium  and  their  repulsive  force,  in  an  equation  connected  with 
their  distances  from  the  sun.  But  bein^  disappointed  in  this^ 
^d  a  ^reat  number  of  otherjittempts  that  1  made^  I  became 
much  dispirited^  and  was  often  on  the  point  of  forming  a  reso-» 
ktion  never  to  consider  the  subject  again.  Indeed  I  frequentljr 
wished  to  persuade  myself  that  the  discovery  was  alto^ethef" 
l>eyond  the  reach  of  human  ability ;  and  with  this  view  tcied  to 
thrust  it  entirely  from  my  mind.  Yet  sometimes,  when  mj 
thoughts  were  involuntarily  turned  this  way,  the  idea  that  tw<^ 
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inanimate  bodies  could  act  on  each  other  at  a  distance  withotCt 
fiome  other  means  than  that  of  a  mere  tendency,  or  inclination, 
in  them  to  approach,  would  appear  so  strongly  unpiiilosophical, 
and  the  apparent  coincidence  of  several  phenomena,  with  con- 
chisions  1  had  drawn  from  my  notions  of  gravitation,  so  very 
seducive,  that  I  could  not  avoid  thinking  the  views  1  had  taken 
were  toleralilv  correct ;  and  that  there  was  only  wanting  the 
direction  of  some  happy  idea,  which  patient  perseverance  might 
toosaibly  attain,  to  set  the  whole  m  a  clear  and  irrefragable  light. 
Thtt'a  between  hone  and  despair,  between  unceasing  attempts 
and  mortifying  failures,  I  continued  until  May  1814,  at  v^di 
time  my  ideas  of  heat  underwent  a  complete  revolution.  Previona 
to  this  time  I  had  conceived  heat  to  be  the  efiect  of  an  elaatid 
Buid;  and  on  tliis  supposition  had  repeatedly  attempted* 
reduce  ita  lawa  to  mathematical  calculation;  but  uniform  diaaro^ 
jpointoent  at  length  induced  me  to' give  thia  hypotheaiaacareM 
mveiftigation,  by  comnaiin^  it  with  genetal  and  particular  [Attno-- 
jneim.  The  result  or  thia  inveatigation  convinced  me  that  heat 
could  not  be  the  consequence  of  an  elastic  fluid.    At  the  time  I 
was  making  this  comparison,  I  took  every  opportunity  of  exa- 
mining how  far  the  other  hypothesis  (which  until  now  I  had 
forgot  was  sanctioned  by  the  names  of  Newton  and  Davy)" 
agreed  with  phainomena,  and  was  so  well  pleased  with  its  sim- 
jphcity,  and  the  easy,  natural  manner  in  which  the  different 
phauiomena  seemed  to  flow  from  it,  that  I  regretted  having; 
neglected  it  so  long,  and  determined  to  consider  it  more  atten* 
tively.    A  difficulty,  however,  soon  appeared  in  the  application 
of  this  theory  of  -  heat  to  gaseous  bodies,  which  I  had  some 
trouble  to  conquer;  for  as  1  still  adhered  to  the  hypotheaia  OT 
gaaea  being  composed  of  particles  endued  with  the, power  dT 
mutually  repelling  one  another,  I'  could  by  no  means  imaging 
liow  any  intestine  motion  could  augment  or  diminiah  this  power* 
Sere  then  I  was  involved  in  another  dilemma;  but  after  1  had 
levolved  the  subject  a  few  times  in  my  mind,  it  atruck  me  didt 
if  gaaes,  instead  of  having  their  particles  endued  with  repulsivifr 
lbrceS|  subject  to  so  curious  a  limitation  as  Newton  propoaed^ 
were  made  up  of  particles,  or  atoms^  mutually  impinging  on  one 
another,  and  the  sides  of  the  vessel  containing  them,  such  .a 
constitution  of  aeriform  bodies  would  not  only  be  more  simple 
than  repnlsive  powers,  but,  as  far  as  I  could  perceive,  would  be 
.  consistent  with  phaenomena  in  other  respects,  and  would  admit 
of-^n  easy  application  of  the  theory  of  heat  by  intestine  motion. 
Such  bodies  I  easily  saw  possessed  several  of  the  properties  of 
gases  ;  for  instance,  they  would  expand,  and,  if  the  particles  be 
vastly  small,  contract  almost  indefinitely;  their  elastic  force 
would  increase  by  an  increase  of  motion  or  temperature,  and 
diminish  by  a  diminution;  they  would  conceive  neat  raptcUjr^* 
and  conduct  it  alowly ;  would  generale  heat  by  8ttdii«ii<C09Dii- 
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Ciseioxiy  and?  destroy  it  by.  sudden  rave£a^on ;  and  an)iit»Q| 

etjualiy  intermix,  ,  ,  *  • 

fiesictes.  these.  Other 'propesties  muaUymnsjwtent  and  gratify** 
iDg,  piNtoeiited .themselves;  'butasthese^ere  nierely  loose'viafws 
#f  ibe  subjeety  I  eooa  molved  to  examine  it  more  rigorously^itiiifl 
teriirjtif  I  «eould.iBOt  briog  it  to  tbe.  teit  ofma^emiiticaL.fa0siaf, 
iMbisy.hMrevery  I.metvwttb  a  iUffioulty. considerably  supeiior  to 
iMy  I  hftd  yet  eocooDteied  in  the  course  ^of^my.analysijs^.ai]^ 
vhichy  before  1  oTemme  it,  gave  me  imore  real  uneasiness -thaiij^ 
petbaps,;  it  ean  be  ioriagiaed  it  should^  But.die  truth  is,  ,my 
>4ew8  of  the  subject  expanded  so  much  as  I  pjroceeded  that  even 
in  this  early  stajze  f  fancied  1  perceived,  in  the  solution  of  the 
probleiii  1  was  about,  not  only  the  discovery  of  the  rausti  ufgra- 
vitation,  but  also  of  the  causes  of  all  the  other  phLenomena  of 
nature;  and  my  thoughts  were,  therefore,  turned  upon  it  with 
an  intenseness  and  anxiety  which  I  never  before  experienced, 
and  which  can  scarcely  be  appreciated  except  by  those  who  ha%'e 
been)  placed  in  a  similar  sitaation.  To  meet  new,  therefore, 
when  I  thon<j^ht  I  had  almost  completed  the  discovery,  with  an 
obstacle  which  it  baffled  my  utmost  efforts  to  surmount,  and 
which  threatened  destruction  to  the  fabric  I  had  so  laboriously 
emieavoared  to  raise,  was  a-^hook  I  had  hardly  plulosophy 
enenftgh  to^withstand .  However,  as  I  had  proceeded  so  far,  and 
bad'beei^M  much  led  away  by  the  seducing  coincidence  of  the 
tooseqiisaces.oCi&y  theory  with  phauiomena,  I  determinedt.tiO 
exaniinedithofaiii^hly,*and,  if  I  should  findit  erroneous,  to  pub« 
hsh  it  iMOlhert  with  the  iUnstcation  of  its, errors,,  ithat  if  iteoold 
4e«no  other  good^'it  mightaerveibr'a  beaooa  to  prevent  otbera 
fromtHinaing  agjainst  the  rock  on  whioh^my  hopes  sad  expeota* 
Imm  hAd  been  wrecked* 

ISie'Obetacls  ia.whtoh  l«lliide  is  this :  I  sawdirectljr  I  began 
tot^consider  circumstances  attentively,  that  if  the  constitution  oC 
things  be  such  as  I  supposed,  the  ultimate  atoms  of  all  bodies^ 
and,  therefore,  the  particles  of  these  gases,  which  I  looked  upon 
to  be  no  more  than  these  ultimate  atoms,  must  be  absolutely 
hard  ;  they  must  admit  of  no  breaking,  spiittino;,  shatterinpr,  or 
any  impression  wlratever  ;  and  yet  if  the  gases  are  to  maintaia 
their  elastic  property,  and  this  property  be  the  result  of  the  par- 
ticles matualiy  unpuiging  on  one  another  and  the  sides  of  the 
containing  vessel,  the  particles,  or  atoms,  must  likewise  be 
elastic;  that  is,  they  must  be  soft;  for  elasticity,  according  t(j 
the  ideas^-we  have  of  it,  is  nothing  but  active  softness.  There** 
^cr«,4t  Appeared  to  me  that  the  nltimate  atoms  ought  to  posaeasi 
two  properties  in  direct  coatrariety»  hardness  and  softne(^i| 
^^UA  iB'manife^%  impossible, 
't^sning  arrived  at  toia  conclusion,  which  appeared  to  render 
^  pvobabttity  of  suceess  'Of  ail  futme  inquiries,  in  this  tracl^ 
<l<ip<iiigiiiil  niight^be^amyoaBA  Ihat^qgy ^affi>rts.»w9iildJhaYe  tar  ' 
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inmated.  Nor,  peibapii  is  there  any  thine  that  could  have 
Mnoed  me  to  perplex  myself  any  more  wm  this  subject ;  bi^ 
die  resolution  I  had  fonned  to  examine  it  thoroughly  and  a  fond- 
Mss  for  the  plausibility  of  my  preconceived  notions  that  I  could 
mot  shake  off,  and  mich  would  oftentimes,  CTen  aeainst  my 
indination,  prompt  me  to  tiv  to  explain  away  the  ansurdtfy  I 
liad  bvought  out*  The  fimt  tnii%  that  suggested  itself  for  mm 
purpose  was,  that  elasticibr  midit  spring  mm  a  dtflferent  source 
to  what  was  commonly  beneved,  and  might  be  the  property  of 
hardness ;  for  I  observed  that  the  harder  the  bodies  are,  gene- 
rally speaking,  the  more  elastic  they  are.  Thus  glass  is  rery 
hard,  and  likewise  very  elastic ;  and  the  same  is  true  of  steel, 
and  most  of  the  other  metals.  Upon  this  hypothesis,  therefore, 
I  now  tried  to  investigate  the  laws  of  gaseous  bodies ;  and  as 
far  as  I  then  carried  iny  speculations,  the  conclusions  I  drew 
exactly  coincided  with  phaenomena.  But  reflecting  more  deeply 
on  the  subject,  I  convinced  myself  that,  however  well  these 
inferences  and  phaenomena  might  agree,  elasticity  could  not  be  a 
property  of  haroness ;  and,  therefore,  that  the  hypothesis  I  had 
assumed  could  not  be  correct.  At  length,  after  a  great  deal  of 
intense  and  fruitless  thought,  I  remembered  that  when,  somt 
treais  before,  reading  the  vul^r  doctrine  of  the  collision  of  hard 
bodies,  I  was  very  rar  from  being  satisfied  with  it ;  but  looking 
upon  it  then  as  an  abstract  and  almost  usdess  subject,  I  could 
not  summon  resolution  enough  to  give  it  a  critical  investigatioit* 
Seing  now,  however,  drawn  to  the  point  by  my  antuytical 
Inquiries,  the  recollection  of  this  dissatis&ction  excited  me  to 
consider  the  circumstances  connected  with  it  attentively.  The 
result  of  this  consideration  was  a  theory  for  the  collision  of  hard 
bodies,  so  very  different  from  the  received  theory,  that  it  was 
not  until  I  had  examined  it  m  a  variety  of  shapes,  had  brought 
it  to  the  test  of  experiment  by  my  mathematical  investigation 
of  the  laws  of  gaseous  bodies,  and  had  found  that  a  theory 
something  like  it  had  been  formerly  given  by  Wren  and  Huy- 
gens,  that  I  could  satisfy  myself  1  had  not  committed  some 
oversight.  But  having  considered  and  reconsidered  it  many 
different  ways,  vnthout  discovenng  any  thing  that  could  militate 
against  it,  1  proceeded  to  carry  on  my  theorv  as  far  as  I  judged 
it  would  be  wanted,  and  then  assumed  the  foUowing  postulata  as 
Ae  basis  of  my  future  inquiries. 

.«  PoshUaia. 

1,  Let  it  be  granted  that  matter  is  composed  of  inert,  massy, 
perfectly  hard,  indestructible  atoms,  incapable  of  receiTing  any 
change  or  inqMression  in  their  origind  figure  and  nature. 

'  2,  Let  it  be  granted  that  all  solid  ana  fluid  bodies  have  their 
smaller  parts  composed  of  these  atoms,  which  may  be  of  different 
sizes  and  figures,  and  variously  associated,  according  to  the 
manner  which  the  constitution  and  nature  of  the  bodies  require. 
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3.  Let  it  be  granted  that  gaseous  or  aeriform  bodies  consist 
of  atoms^  or  particles,  moving  about,  and  among  on^  anotbeil^ 
with  perf  ect  freedom. 

4.  Let  it  be  granted  that  what  we  call  heat  arises  from  an 
intestine  motion  of  the  atoms,  or  particles,  ami  is  pioporttoiial 
to  their  individual  momentum. 

5.  Let  it  be  granted  that  a  gaseous  body  of  very  ^reat  tamu^ 
in  its  parts  fills  all  space,  and  extends  to  ita  utmost  limits* 

'  I  have  puiposely  put  these  hypotheses  (if  indeed  we  can  caD 
those  things  hypotheses  which  have  been  deduced  from  the 
analysis  of  phsenomena)  into  the  form  of  poslolata^  to  avoid 
being  obliged  to  establish' them  by  direct  demonstration.  It  is 
not  my  intention,  for  the  reasons  I  have  already  given  in  lim 
beginning  of  this  mefuoir,  to  make  any  oompmtive  remarks  w 
•  their  relative  simplicity  and  probabiGtv.  I  shall  only  say  a  few 
words  for  the  purpose  of  explaining  the  diflferenee  between  my 
views  on  certain  points  and  those  which  have  been  taken  by  others.  . 

One  of  the  sublimest  ideas  of  the  ancients  was,  that  there  is 
but  one  kind  of  matttr,  froui  the  difierent  sizes,  figures,  and 
arrangements  of  whose  primitive  particles,  arises  all  that  beau- 
tiful variety  of  colour,  hardness  and  softness,  solidity  and 
fluidity,  opacity  and  transparency,  Sic.  which  is  observed  in  the 
productions  of  nature.    Our  first  two  postulata  do  not  necessa- 
rily require  that  there  should  be  but  one  kind  of  matter;  there 
may  be  several  kinds.    But  since  it  seems  possible  to  account 
for  all  the  phaenomena  on  the  supposition  of  one  kind  only,  and 
since  nature  is  always  disposed  to  employ  the  simplest  machi- 
nery, probability  is  strongly  in  favour  of  the  ancient  idea.  In 
&ct  it  does  not  seem  to  be  impossible,  from  some  of  the  phceno- 
mena  of  liffht  and  other  circumstanceSi  to  show  that  nature  has 
ODobraced  ue  simplest  means,  and  has  likewise,  if  not  in  the 
size,  at  least  in  the  figure  of  die  atoms,  confined  herself  within 
ceitodn  limits.  Bat  these  things  are  too  recondite  to  be  pursued 
m  this  memoir;  and  experiments  have  not  yet  famished  us  with 
sufficient  data  to  be  able  to  exhibit  the  exact  line  and  rale  with 
which  nature  has  laid  out  her  work. 

Philosophers,  since  the  time  of  Newton,  have  taught  us  that 
the  elasticity  of  gases  is  owing  to  a  mutual  repulsion  between 
their  particles,  by  wliich  they  endeavour  to  fly  from  one  ano- 
ther; but  by  our  third  postulatiim  we  have  divested  matter  of 
this  repulsive  property,  and  nevertheless,  as  it  will  be  seen,  the 
laws  of  gaseous  oodies,  investiii^ated  under  this  point  oi  vie^ 
sigree  mathematically  with  phx^nomena. 

The  advocates  for  the  theory  of  heat  by  intestine  motion  have 
usually  considered  the  temperature  as  measured  by  the  velocity 
of  vibration;  and  I  am  not  aware  that  any  of  them  have  defined 
it  otherwise.  This  will  do  very  well  for  different  temperaliires  ef 
the  same  body ;  but  it  seems-to  raquire  the  theory  I  ham  given 
iathafcnrthpeeliilatmm  toeiMtble  ns,  uder  all  .cjicninslaniWiSi 
to  compare  the  temperatures  of  different  bodies.    ,  j  -  > 
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explaining  the  cause  of  gravitation.   Dtia  attuslrious  philo80|dxer 

has  so  clearly  developeci  his  ideas  of  the  nature  and  action 
this  etherial  fluid,  that  I  have  had  scarcely  any  thing  to  do  but 
io  confirm  them  with  the  apphcation  of  the  principles  of  onr 
third  and  fourth  postulata.  It  is  true  that  the  novelty  of  the 
▼lews  I  have  been  obliged  to  take,  and  the  unbeatenness  of  the 
track,  have  rendered  even  this  a  task  of  some  difficulty  ;  but 
ithe  results  I  have  obtained  will,  I  presume,  convince  the  Royal 
Society  that  my  etforts  have  not  been  wholly  unsuccessful ;  and 
that  this  idea  of  Newton,  which  has,  from  the  umforni  want  of 
•uccess  to  demonstrate  it,  often  been  placed  to  the  account  of 
this  great  man's  foibles,  was  not  adopted.  upoiLiight  grouads,  .or 
writkout.m>tare  coiuudenition. 

'  Of  thbt  Collision  of  pbbfbctltharji  Bodies. 

Def.  1. — -That  body  is  peifcctly  hard  whose  figure  cannot  be 
altered  by  any  wei2:ht,  or  percussion. 

Corollary. — Hence  a  perfectly  hard  body  must  also  be  per- 
fectly entire;  for  if  it  be  composed  of  parts,  there  may  be  a 
"force  sufficient  to  separate  them,  and  then  the  figure  would  be 
changed,  Avhich  is  against  the  definition.  By  a  hard  body,  I 
mean  one  w  ithout  parts,  unchangeable,  and  indivisible,  sucli  as^ 
perhaps,  the  primary  particles  of  matter  are. 

Def.  2. — The  figure  of^  soft  body  yields  to  pressure,  or  per- 
cussion, without  recovering  itself  again. 

'  Cor. — Hence  a  sofl  body  cannot  be  entire,  but  must  be  com- 
posed of  parts,  which,  .being  displaced,  retain  whatever  sitoation 
IS  mven  them. 

'  Vef.  3.— A  perfectly  elastic  body,  like  a  soft' one,  siiHersits 
Sgure  to  be  changed  by  force,  but  recovers  it  again  with  bh 
energy  equal  to  the  force  by  which  it  was  changed. 

'  Cor.  1.— ^Therefore  an  elastic  body  does  likewise  coimist.tt>f 
particles,  which,  like  the  particles  of  a  soft  body,  may  be 
dei^Oged ;  but  as  soon  as  the  power  is  overcome  by  wiiich  they 
Were  disturbed,  they  exert  as  much  force  in  recoyering  thear 
.  isituatioh,  as  was  used  in  depriving  them  6f  it. 

Cor.  2. — ^Because  an  elastic  body  recovers  its  figure  witihr^ 
samte  force  by  which  it  was  changed,  as  mnch  motion  is  gene- 
i^d  in  the  mcovery  as  was  destroyed  in  the  loss  of  the  figure* 

Prop.  I. 

^it^i^m  iKMkm  4iibMtaiteiy  hatd  impinge  on :  one  anothsf^ 
lh# >iiymii(|»,^or  *«iwitngi8,     the  stroke,  ia  dkidqiaBdtiit^ef 
liM^vekicity  of  the  coaia«t;'1lmtirjf«|r«i  aeilkei:  angmeattd  mm- 
diwrasiMied  hy^ny  tmmmut  m  MmmiAmt  sif  <hiiirfaliiiii  utoiiy 
of  the  bodies.  • 
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For  the  bodies  being  absolutely  hard,  their  hgures  do  not 
yield  to  any  stroke,  however  great  it  maybe,  and,  therefore,  the 
shock  is  no  sooner  given  at  one  part  than  it  is  equally  felt  at 
every  otlicr  ;  that  is,  supposing  the  stroke  is  given  in  the  direc- 
tion of  the  centre  of  gravity.  Therefore  ,  the  stroke  can  have  no 
duration,  and  consequently  no  increase  or  dimmutioaofTeloci^ 
can  produce  a  difierence. 

The  same  thing  might  also  be  proved  thus  :  Let  two  unequal 
hard  balls,  moving  with  equal  momenta  in  opposite  directions^ 
be  conceived  to  come  in  contact  at  the  same  time  with  the  oppo- 
site parts  of  another  hard  ball  at  rest,  then  will  the  intermediate 
ball  remain  at  rest,  and  not  titubate  the  one  way  or  the  othei^ 
nor  be  anv  mor^  affected  than  if  it  had  not  been  sthick  at  all^ 
^or  sincb  the  contacts  are  made  at  the  same  time,  if  tka  inteiv 
mediate  hall  titubates^  that  ball  towards  which  it  mores  taUNt 
take  a  longer  time  to  give  its  stroke  than  the  other,  and  camit 
bare  completed  it  until  the  titubation  is  destroyed,  because,  aft 
soon  as  the  strokes  are  finished,  the  intermediate  body  evidently 
becomes  quiescent  in  consequence  of  the  assumed  e(;^uality  of 
the*  momenta ;  but  the  balls  being  absolutely  bard,  their iffirea 
do  not  yield  to  the  stroke,  and,  therefore,  this  exterior  bodjr 
itself,  towards  which  the  intermediate  one  titubates,  befofeiit 
has  finished  its  stroke,  must,  on  the  supposition  of  titubolson  in 
tite  nidSle  ball,  hare  moved  backwards that  is, 'befoie^lt  hm 
^finished  the  stroke,  it  must  have  had  all  its  momentum  destroyed, 
and  a  new  contrary  one  generated.  But  the  whole  stroke  which 
the  ball  could  give  consisted  in  its  momentum  ;  consequently  the 
body  must  have  given  its  entire  impulse  before  it  has  completed 
it,  which  is  absurd.    Therefore  the  intemiediate  body  does  not 
titubate,  and  the  strokes  are  made  equally  smart  or  in  equal  por- 
tions of  time,  or  rather  both  strokes  are  made  in  portions  of 
time  which  have  no  duration. 

By  deducing  the  collision  of  hard  from  that  of  soft  bodies,  we 
likewise  arrive  fit  the  same  conclusion.   At  the  moment  two  soft 
bodies  come  in  contact,  the  anterior  parts  of  the  second  body 
communicate  motion  to  the  posterior  parts  of  the  first  body  ,  and 
a  slight  check  is  given  to  the  second.    The  parts  of  the  bodies> 
yielding  to  the  blow,  the  bodies  thems^res  am>roach  nearer,  hi 
the  second  instant  another  acceleration  ana  retaidation  take 
place,  and  the  bodies  approach  still  nearer.   The  same  thivm 
^ixsue  in  the  third  and  sneeeeding  instants,  tmtil  at  length  tte 
second  body  has  itself  lost  and  connnnnieated  to  the  first  bodf«i 
sufficient  degree  of  motion  to  enable  it  to  mave  ^viih  the  same' 
^ekmiltjr'^biehthe  second  body  has  then  left;  alterwhiehnbe 
ceases/the  two  bodies  are  at  their  Ie8lt4iitanee,4ttiid'fb 
on  tog^er.  Tfans  it  is  -with  Hie  ceKliioii  Bf^Mam,-mA 
whose :  tgtties  *  are  yielding,  except,  pc^apSi  -  that  vlte 
ire  ffiven  in  eontinaed  unceasing  pt^aasnre.  latidrnet  hi% 
^j^skm^^oCjn^palsesat^tM^iifeerfals;  bntin  whushererwajr 
*wewtt!ulyeitl  to  be  done,  it  amounts  to  the^same  thing,  asn 
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time  is  always  cotisiimed.   If  now,  other  things  being  afike,  m 

suppose  the  bodies  to  increase  in  hardness,  then,  since  their 
parts  have  a  less  disposition  to  yield  to  the  force  of  percussion, 
tiie  intensity  of  the  impulses  (if  we  suppose  the  stroke  to  be 
given  in  impulses)  will  be  stronger,  the  quantity  of  motion  com- 
municated by  each  sweater,  and  the  time  of  the  whole  stroke, 
therefore,  shorter.  And  if  we  suppose,  cccteris paribus^  the  hard* 
ness  to  increase  still  more,  the  duration  of  tne  stroke  will  be 
stili  less,  until,  if  the  hardness  be  perfect,  there  will  be  no  yield, 
ing  of  figure,  and  no  duration  for  the  strokes.  And  since  tint 
18  the  case  with  every  stroke  between  perfectly  hard  bodies,  it 
Ibllows  that  all  the  strokes  between  bodlies  absolutely  hard  hare 
AO  duration,  and  are  thence  equall}r  smart. 

Cor^^Hence  we  gather,  tnat  in  perfectly  hard  bodies,  the 
intensity  of  the  impulse  depends  on  tne  violence  or  momentmn, 
of  contact,  aod  is  independent  of  the  velocity  of  contact^  exoeyl 
inaamach  as  it  is  augmented  or  diminished  by  that  velocity* 

Pnop.  IL 

If  a  hard  spherical  body  impinge  perpendicularly  on  a 
hard  fixed  plane,  the  body  will,  after  the  stroke,  remain  at  rest 
on  the  plane. 

For  the  plane  having  no  motion  of  its  own,  and  being  fixed, 
.the  force  with  which  the  bodies  come  in  contact  will  be  equal  to 
the  momentum  of  the  ball ;  and  because  action  and  renction  are 
equal  and  contrary,  this  momentum  is  the  force  with  which  tiie 
ball  acts  upon  the  plane,  and  the  plane  reacts  upon  the  ball  at 
the  instant  of  contact.   The  force,  therefore,  with  which  the 
,ball  is  acted  on  by  the  plane  at  the  time  of  the  contact  in  a 
'direction  opposite  to  its  motion  is  just  equal  to  its  momentum; 
oonaequently  the  momentum  and  action  of  the  plane  being  eqaal 
and  opposite  destroy  one  another ;  and  the  ball  having  no  other 
tendency  continues  at  rest  on  the  plane* 
.    Cor.  1.— Hence  a  hard  ball  impinging  obliquely  upon  a  fixed 
liard  smooth  plane  slides  along  the  surface  of  it  in  adeterminat^ 
direction  with  a  determinate  velocity.  For  if  the  motion  of  the 
.body  previous  to  the  contact  be  resolved  into  two,  one  perpeadi^ 
cular  and  the  other  parallel  to  the  plane,  the  perpendicular  pait 
will  be  entirely  destroyed  by  the  contact,  but  the  other  pait 
being  that  with  which  the  body  would  neither  recede  from,  nor 
approach  the  plane,  will  continue  the  same  after  as  before  the 
.stroke,  and  will  induce  the  body  to  slide  along  the  surface  « 
t^e  plane  in  its  direction,  and  with  its  entire  force. 

Cor.  2. — From  this  proposition  it  appears  that  if,  instead  of 
the  plane,  the  body  meets  ^vith  another  equal  and  hard  body 
moving  equally  in  an  0|^osite  direction,  the  intensity  of  the 
stroke  will  be  twice  as  great  as  between  the  body  and  the  plane; 
.for  the  plane  being  fixed  contributcA  nothing  to  the  violence  of 
4|ie  blow,  but  the  other  body  coming  witn  un  equal  force  in  ^ 
.  ^oOBtiaiy  direction,  adds  ito  whole  motion.to  the  force  with 
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die  other  bodr  would  hare  come  in  ooirtact  with  the  ^tane,  aa^ 

therefore^  maKes  the  stroke  twice  as  great. 

This  might  furobably  be  made  more  obvious  thus  :  Suppose  j| 
hard  plane,  or  other  body,  be  held  against  a  fixed  hard  bodjr^ 
an^  in  this  vvay  receive  the  impulse  oF  the  ball ;  then,  becaiUKi 
ftat  part  of  the  intennediate  body  which  is  against  the  fixture  iir 
not  nr^d  any  way  by  that  fixture,  the  force  vrith  which  the  ImJI 
comes  in  contact  wHh  the  other  side  is  the  force  with  which  this 
sides  of  this  intermediate  body  are  driven  together ;  bot  thia 
force  is  the  monumentnm  of  the  ball;  therefore,  that  momentum 
is  the  force  of  constipation  in  this  case.   But  if  we  now  fix  the 
intermediate  body,  and  instead  of  the  fixed  body  on  one  side  of 
it  imagine  another  equal  ball  to  come  in  contact  with  it  at  the 
same  time  as  the  former,  and  with  an  equal  momentum,  then  the 
force  with  which  each  surface  of  this  intermediate  body  is  urged 
towards  its  centre  is  equal  to  the  momentum  of  each  of  the  balls ; 
and,  therefore,  the  force  with  which  the  two  surfaces  are  urged 
together  is  equal  to  the  sum  of  these  momenta,  or  to  twice  one 
of  them  ;  but  this  force  is  manifestly  the  force  with  which  the 
two  balls  would  have  come  in  c  ontact  if  there  had  been  no  intern- 
mediate  body ;  therefore,  that  force  is  the  double  of  the  force 
with  which  either  body  would  have  struck  a  fixed  phine. 

Cor.  3.— Hence  if  two  liard  and  equal  balls  come  in  contact 
vnth  equal  and  opposite  momenta,  they  will  separate  after  the 
stroke  with  the  same  velocity  with  which  they  met.  For  sinoe 
the  intensity  of  the  stroke  is  the  force  with  which  each  of  the 
balls  is  acted  on  in  a  direction  opposite  to  that  in  which  it  came 
at  the  time  of  the  contact ;  and  since  that  intensity  is  by  the 
preceding  cor.  equal  to  twice  the  momentum  of  either  baU,  each 
ball  at  the  time  of  the  contact  might  be  conceived  to  be  acted  on 
hy  two  opposite  forces,  one  its  momentum,  impelling  it  towacde 
the  other  ball ;  and  the  otiier,  the  force  of  the  contact  equal  to 
twice  its  momentum  impelling  it  in  an  opposite  diiection.  The 
diffinence  between  these  two  forces,  thereibrey  or  the  value  of 
one  momentum,  is  the  force  with  which  each  ball  retraces  its 
path ;  and,  consequently,  the  velocity  of  the  separation  of  the 
Mis  is  equal  to  the  velocity  of  their  approach.  This  coincidea 
iritfa  the  theories  of  Wrai  andHuygens* 

Scholhm* 

By  the  old  theory  of  collision,  two  hard  bodies  coming  in  con- 
tact with  equal  opposite  momenta  will  not  separate  after  the 
collision,  but  will  continue  together ;  and  the  reason  assigned  for 
this  is,  that  bein^  unelastic,  they  cannot,  w  hen  they  meet,  exert 
themselves  to  separate,  and,  therefore,  must  remain  together, 
^uch  a  method  as  tliis  is  not  reasoning  from  the  property  of 
Wdness,  the  physical  force  of  the  impulse,  and  the  effect  which 
that  force  would  have  upon  the  motions  of  the  bodies  ;  but  from 

absence  of  a  property  which  does  not  belong  to  this  ckss  of 
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bodies,  but  to  one  whose  nature  is  so  very  difieretit,  as'to  be 
almost  the  very  opposjte.    Hardness  and  softness  are  diametri-> 
oaliy  opposite  properties,  and  elasticity  is  notinng  but  an  active 
kind  of  softness;  for  elasticity  consists  in  a  vigorous  restoratiDa 
of  an  altered  figure  ;  and  no  body  can  have  its  figure  altered  ^ 
nhieh  is  not  more  or  less  sof  t.  To  argue,  therefore,  that  two  hard 
llbdim  which  meet  each  oUier  with  equal  and  contrary  momenta 
wmot  separate  after  collision,  because  they  have  no  elastici^^ 
is  evidently  to  abandon  the^definii^cm  of  hardness,  iind  to  adopt 
Huife.of  elMliGityi  which  has  no.cooDexion  whatever  with  it,  and 
m/mcpmoAy  oi^ht»  in  sucb  a  caae,  to  be  excMedU   It  iano 
MHirof  eoipriee»  tbmfoie,  with  suck  incongruous  ideas,  that 
HMlihematicians  have  hitherto  had  erroneous  viewa  of  the  theoij 
^'CcUsion  of  hard  bodies.   ProbaU^r  the  apparent  sterility,  if 
Ml  inulility  of  the  subject,  has  occasioned  an  apatbv  towauk  a 
feitt{Kikius  investigation,  which  the  slightest  idea  of  its  impoit* 
anee. would  have  easily  removed.   Had  it  been  imagined  that 
Ae  ooUisiott  ef  hard  bodies  was  connected  with  the  develop 
Bwntiiof  tbeeausoof  heat,  gravitation,  li^ht,  magnetism,  elec^ 
eity,&c.  itwould  have  b^en  scrutinized  with  a  care  which  nofchiag  i 
could  have  escaped ;  and  with  a  rigorous  investigation,  I  am  - 
persuaded  our  ideas  of  the  bubject  would  have  been  very  diSeif  i 
eat  to  what  tliey  are.  ' 
■  If  there  be  any  method  of  classification  which  should  have  a 
preference,  it  appears  to  me  it  should  be  to  rank  all  those  bodies 
under  one  head  which  have  mutable,  and  those  under  anothec  j 
which  have  immutable  figures.    To  the  latter  class  will  belong 
bard  bodies,  and  to  the  former  every  variety  of  soft  and  eiabUO 
iwxlies  ;  the  one  will  give  their  strokes  instantaneously,  and  with- 
out the  lapse  of  time ;  the  other,  gradually  and  with  time.  In 
each  particular  case,  the  physical  nature  of  the  impulse  should 
be  considered,  and  a  theory  of  collision  framed  accordingly* 
WUh  such  vkws,  our  theories  of  colUsion  woidd  be  made  to  rest 
on  thinrtrue  and  veritalate  principles,  the, physical  natura  oi  ti)^ 
bodies  and  of  the  strokes  which  they  give. 

Many  simple  experiments  might  easily  be  devised  to  prove 
Aa^traubof  oar  second  cor. ;  for  it  is  immaterial  on  what  bodies 
we  experiment :  we  can.  draw  the  same  infiiTfnce  for  an^.  "^^^ 
thing,  howcTer,  is  so  obvious  that  I  have  generally  consideiedit 
in  the  light  of  an  axiom ;  and  have  often  ascertained  the  ofvaioh 
of.  other  pl«^  on  this  same  subject  by  tha^  feUoanipg  question : 

Suppose  aluurd  spherc^^  moving*  freely  witfai%a:.g^ven  vekKntj^t 
strike  directly  upon  a  hard  fixed  body,  it  would  strike  'vviAiJ 
eertain  inlensi^s  but  now  suppose  that  instead  of  the  fi^ 
body  the  movinf^  sphere  strike  upon  another  hard  equal  bodji 
moving  with  an  equal  velocity,  in  an  opposite  duection, 
would  be  the  relative  intensities  of  these  two  strokes?'* 
answer  has  invariably  been,  that  the  latter  would  be  the  doubw 
of  the  former,    ibia^  it  mu^t  be  allowed,     not  a  matheiuaticaii 
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br-eyen  a  philosophical  way  of  estabhshing  the  question ;  butin 
ft^  cose  o^  this  kind,  where  I  thought  my  prejudieer  nufj^bft 
inAaence  my  judgment,  it  appeared  no  bad  method  >ofexamtmnu 
1Mb  soundness  of  myopiiiio>Ei>i»y>the  standard  of  other  people'^.'^ 
Fiom  all  these  cifooBBBtttaces^  it  app<yi«tli«t-Aft  valptri<l»p» 
tAue  of  the  coliinon  of  hard  bodies  is,  in  this  paiticular  case^ 
beorrect,  by  making  the  intensity -of  tlra  stroke  only  tfa»  baif  W 
ffbat  it  should  be.  For  the  bodies  mnainiag  tenner  afteridw 
impulse,  the  force  of  the  stroke  iipoo  each  iimstteequivBteatitd 
tte  niotKHi  destroyed;  tha;t  is,  to  the  nvoiiieiilnnt.e#.eit^of 
Ihtai.'  Btttthe^foree  upon  each  is  tlie  4biee'i«ilb  wUch  >they 
come  in  contact ;  the  foroei  theiefors,  witk  wfanh  tfatf  MMsnn 
contact  is-eqnal  to  tbe^ooinentum  of  onevof  tbsibidls;  dla^Js| 
agreeable  to  both  theones,  to  the  force  <wilb  which  >eith»rtsH 
abne  would,  wiAt  the  same  momentnnii  8lcik8*a  fixed  phuie«  >  . 

If  a  hard  ball  strike  another  hard  ball  at  rest  in  the  line 
of  their  centres  of  gravity,  an  exchange  of  state  will  take 
place  ;  the  former  will  remain  at  rest  after  the  stroke,  and  the 
latter  will  proceed  in  the  same  direction  in  which  the  fir«t  was 
'moving,  and  with  the  same  momentum. 

If  this  be  not  the  case,  the  first  body  must,  after  the  imp^et^ 
either  move  backwards  or  forwards  in  the  direction  of  the  other 
body,  with  an  equal  or  less  velocity.    But  it  cannot  move  back- 
Wards,  because  the  intensity  of  the  stroke  itself  on  a  quiescent 
body  can  evidently  never  exceed  the  momentum ;  therefore,  if  it 
more  at  all  after  the  stroke,  it  must  follow  the  other  body,  with 
an  equal  or  less  velocity  than  this  body  acqoires  from  the 
impulse.   Suppose  it  be  with  a  velocity  b,  either  vqual  t0y<et 
l^s  'than,  that  acquired  by  the  other  body ;  and  suppose*  A 
represent  the  tot  body,  and  a  its  velocity  bigfore  th#  nqpael^ 
Then  because  (a  —  6),  A  is  the  motion  lost  by  A,  on  account  of 
the  impact,  and  consequently  the  motion  gained  by  B,  the  other 
body.    Th»  quantity  represents  the  inteasity  of  the  impidse* 
Ahd  in  any  other  case  (ir         A^  represents  «]bo  the  intSDsilgi 
<of  the  impulse  but  if  tiie  quiescent  bodies  he- equal,  end'  i£tha 
momenta  A  c,  A-  a\  of  A  and  A',  befove  the  impact  be  equal> 
.  the  strokes  themselves,  by ^or.- to  prop»  1  wfll  likewise  be  equal  4 
Ihttt  is,  a  A  —  6  A  s  of  A'  -*  V  A%  and|  consequently,  b  A  sat 
V  A'- ;  or  the  motion  iriiich  is  left  to  each  of  the  bodies^'  Af  A^ 
aftjer  the  impulses,  will  be  the  same.   Now  whatever  be  the  value 
of  the  momentum  A  a,  if  we  imagine  the  body  A  to  be  vastly  less 
than  B,  the  velocity  of  B  after  the  impulse  must  be  vastly 
less  than  that  of  A  before  the  impulse ;  and,  therefore,  the 
motion  b  A,  which  remains  to  A  after  the  impulse  must  be 
vastly  less  than  A  a,  the  motion  of  A  before  the  impulse.  And 
if  we  suppose  A  so  small  as  to  have  a  ratio  to  B  less  than  any 
assignable  ratio,  the  ratio  of  A  ^  ;  and,  therefore,  of  A'  b^  to  A  a, 
or  A^  a\  will  also  be  less  than  any  assignable  ratio.  ,  Thereibie> 


Digitizerfy  Google 


288   Mr,  Hernpath  m  th  Causes,  Lam,  and  principal  [A?  ri  l, 

if  the  ratio  of  A'  to  B  be  asaignabie,  the  motion  of  A""  after  the 
■tioka  will  be  tmaaaignably  snuill ;  that  is,  the  bodv  A  willremam 
at  rest.  And  because  1/  is  indefinitely  small  compared  to 
A%  the  intaiiBity  ^.Af  —  h'  Af  of  the  impulse  will  likewise  k 
equal  to  the  momentum  A'  of  the  moving  body  before  the 
■tintif>  But  amce  the  intensity  of  the  impulse  is  the  force  act* 
ing  ujpoA  the  qnieseenl  body  at  the  time  of  the  smpidse,.  it  is  abo 


to  the  motion  acquired  by  this  body.  Tlh^refore,  if  a  haid 
biQi  stnke  another  hard  baU  at  mty  See. 

Cor.  1.— 'From  this  proposition  it  is  easy  to  ^determine  the 

motion  and  direction  of  a  hard  body  striking  obliquely  with  a 

fiven  momentum  in  a  given  direction  on  another 
ard  body  at  rest.  For  if  A  B  be  the  direction 
and  momentum  of  the  body  previous  to  the 
stroke,  and  B  C  the  direction  in  which  it  stnkes 
the  quiescent  body  B,  produce  C  B  to  E;  on 
whicJi  demit  the  perpendicular  A  and  draw 
B  D  equal  and  parallel  to  A  E,  and  B  D  will  be 
the  motion  and  direction  of  A  after  the  stroke, 
Md  B  C,  if  equal  to  E  B,  those  pf  B. 

Cor.  2. — Hence  it  follows,  that  in  any  oblique  collision  on  a 
quiescent  body,  the  motions  of  the  b<Mlies  after,  the  impact  will 
be  perpcodicuur  to  each  other, 

■  .  • 

Scholium* 

I  forbear  to  enter  further  into  the  collateral  minutiee  of  this 
theorem,  because  it  wouldlead  me  too  far  oat  of  my  w^y,and  I  am 
in  haste  to  arrive  at  things  of  more  importance.   However,  it  is 

necessary  to  state  that  1  have  chosen  this  indirect  method  of 

demonstrating  this  propositiun,  for  the  hake  of  making  it  rest  on 
principles  as  ditierentand  as  independent  as  possible  of  those  of 
a  future  proposition,  from  which  it  will  flow  as  a  corollary. 

Prop.  IV. 

If  a  hard  body  overtake  and  strike  another  hard  body,  mov- 
ing with  a  less  velocity  in  the  same  right  hue,  the  first  body 
wffl,  after .  the  stroke,  continue  its  coun^  with  the  same 
velocity  which  the  other  bqdy  had  before/it;  a^d  the  second 
body  will  acquire  from  the  stroke  a  momentum  equid  to  the 
difference  of  the  velocities  pf  the  bodies  previous  to  me  contact 
drawn  into  the  mass  of  the  first  body ;  that  is,  if  A,  represent 
the  two  bodies,  and  a,  b,  their  velocities  before  collision,  the 
amotion  oS  A  afterwards  will  be  A  i,  aM  that  of  B,  B  i  + 
(a-ft)A.      ^  . 

Because  the  bodies  are  both  moving  the  same  way^  it  is  evi* 
dent  that  we  may  conceive  the  second  body  to  be  at  rest,  and 
the  other  body  to  strike  it  with  a  velocity  equal  to  the  difference 
of  the  velocities  a  and  b  ;  in  which  case  the  proposition  will  come 
to  the  same  thing  as  the  last.  *  Therefore  (a  —  ^)  A  is  the 
momentum,  or  force,  of  collision^  aad  is,,  consequentiyi 
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motion  acquired  by  B  and  the  motioa  lost  by  A.  Whence  the 
motion  of  A  after  the  stroke  is  A  a  (a  —  6)  A  »6  WbA- 
diat  of  B  is  B  6  +  A  a     A  ^. 

Cor.  1. — By  this  proposition,  the  directiea  in  wliioh  a  bod^jr* 
overtakes  and  strikes  another  being  giveOi  as  mU-a^i  the  motions 
and  directions  of  the  bodies  before  Uie  strokei  the  moAam 
directions  of  the  bodies  after  the  stroke  nay 
be  found.   Let  A  B  be  the  motion  and  direc- 
tion of  the  body  A  befofs  the  impact,  and  let 
B C  be  the  same  of  B,  andktEBbeihe  di- 
lection  in  which  the  iiimdee  is  made  by  A,  - 
and  D  B  the  intensity  of  it,  or  the  Quantity  of 
motion  with  which  A  iii  the  liiie  E  B  overtakes 
and  strikes  the  body  B.    Then  join  A  D  and 
•B  C,  and  they  Khali  be  respectively  as  the 
auantities  oi  motions  and  directions  of  the  bodies  A  and  B  after. 
tW  stroke. 

Cor.  2. — Draw  A  C  ;  then,  since  A  C  is  thf^  motion  com- 
pounded of  the  motions  A  D  and  D  C,  and  hkewise  of  A  B 
and  B  C,  it  loUows  that  the  aggregate  motions  of  the  bodies 
before  and  after  the  stroke,  reduced  to  the  same  direction,  are 
the  same :  and,  consequently,  the  motion  of  the  common  centre 
of  gravity  of  the  bodies  remains  unaffected  by  the  impulse. 

Paop.  V.  .        '  ' 

If  tmo  perfecdy  hard  bodies,  mqving  in  tfie  same  right^line 
but  towards  opposite  parts^  come  in  contaet,  an  exchange 
ef  motion  wiD  take  place ;  or  each  body  will  retnuse  its  pSh 
with  the  motion  which  the  other  had  before  the  cont8.ct. 

Let  A  and  B  be  the  two  bodies,  moving  in  opposite?  directiops 
With  the  velocities  a  and  b.    Then,  because  A  a  is  the  motion 
with  which  A  advances  towards  the  parts  B  is  leavin^5,  and  B  h 
is  the  motion  with  \vhich  B  advances  towards  the  parts  A  is 
leaving^,  the  sum  An  +  B  6  of  these  momenta  is  the  motion 
with  which  the  two  l^odies  approach  ;  and,  therefore,  tlie  motion,, 
or  force,  with  wliicli  their  surfaces  come  ir^  contact.    But  the 
force  with  wliu  h  t!ie  surfaces  come  in  contact  is  the  force  with 
which  each  surface,  or  body,  is  acted  on  at  the  time  of  contact 
in  a  direction  opposite  to  tnat  in  which  the  body  was  moving* 
Therefore,  at  the  time  of  ccmtact,  each  body  is  acted  on  by  two 
opposite  forces ;  one  its  momentum ;  and  the  other,  the  force  of 
contact,  or  the  sum  of  the  momenta  of  the  two.  Consequently, 
difemce  betweto  thsee  fo^s,  or  the  raomentmn  <rf  the 
^er  bo(fy,  is  the  motion  with  Which  either  of  them  is.inqpelied 
mikwaids,  and  retcacesits  palh  after  the  stroke* 
_Cor«  l.<<^^ence  if  one  ot  the  bodies  >  be  at  rest  befove  te 
>Mie,  .the  other  will  be-  at  rest  aAerwaide ;  and  that  which  was 
•tiattwUl  go  on  after  the  stroke  with  a  motion  equal  to  what 
^  odier  had  before.    These  things  coincide  with  what  we  have 
wduced  in  our  third  proposition  j  but  the  proof  here  given  is 

Series,  you  i»  x 
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'mueh  more  direct  and  rigorous  tlian  the  one  in  that  proposition; 
^.for  which  reasons  it  will  enable  us  presently  to  consider  one  or 
two  points  of  our  theory  that  we  coujd  not  before,  at  least  m  the 
josasmer  we  are  now  enabled  to. 

<Can,2, — The  motions  and  directions  of  two  balls  being  given, 
Bud  the  direction  in  which  they  strike  one  another  being  also 
^iven^  the  motions  and  directions  of  them 

-  after  the  stroke  may  be  found.  Let  A  C, 
B  C,  be  the  two  given  motions  previous  to 
the  contact,  and  let  E  C  F  be  the  direction 
in  which  the  balls  strike.  Upon  E  F  let  fall 
4he  peipendiculars  A  E,  B  F  ;  and  from  the 
^ints  E,  F,  draw  E  F  </,  respectively 
«qual  and  pajrallel  to  F  B,  E  A ;  join  a  C, 

r  d  C ;  and  a  C  will  be  tiie  motion  of  and 

^  hC  that  of  B  tifter  the  impulse. 

Cor.  3. — ^From  this  cor.  it  follows,  that  the  compound  motkm 

•  ef  llie  bodies  is  the  same  before  and  after  the  impulse.  For 
draw  A  D  equal  and  parallel  to  C  B,  and  join  D  C,  which  will 
be  tlie  compound  motion  of  the  bodies  before  the  impulse. 
Likewise  draw  h  A,  B  and  b  D.  Then  because  E  A,  V  a,  and 
E  A,  F  B,  are  equal  aiul  parallel,  A  //,  a  B,  are  equal  and  parallel; 
and  l>t;cduse  A  D,  C  B,  are  equal  and  parallel,  6  D,  C  a,  are  als  o 
equal  and  parallel;  but  by  the  preceding  cor.  a  C  is  the  niotion 
of  A,  and  0  C  that  of  B  after  the  stroke  ;  D  C  is,  therefore,  the 
motion  compounded  of  these  motions.  The  same  D  C  has  also 
heen  shown  to  be  the  motion  compounded  of  the  motions  of  the 
bodies  before  the  stroke ;  whence  the  motion  compounded  of 
the  motions  before  the  stroke  is  the  same  as  the  motion  com« 

^|MMinded  of  the  motions  after  the  stroke.   Conseq^uently,  the 

^  motion  of  the  common  centre  of  gravity  of  the  bodies  receiTes 
mo  change  from  the  collision. 

Cor.  4. — The  same  inferences  that  we  have  drawn  in  thepie- 
<seding  cor.  might  have  been  easily  drawn  from  other  premises, 
for  smce  action  and  reaction  are  equal  and  contrary,  the  motion 
of  each  body  is  equally  affected  by  the  stroke  ;  and  whatever  is 
gained  by  the  one  in  any  direction  is  lost  by  the  other  in  the 
^me  direction ;  so  that  tne  a2:gregate  motion  of  the  bodies  la 
.any  directioa  is  always  the  same,  unlesa  buuie  e.Uidueuus  force 
anter  feres. 

Scholium, 

Havino'  now  brought  our  tlieory  of  co]li«5ion  as  far  as  it  will  be 
Tvanted  m  the  subsequent  part  ot  the  memoir,  I  shall  omit  the 
more  intricate  problems  connected  with  it,  and  shall  only  stop, 
^before  I  proceed  to  the  theory  of  gases,  to  consider  another 
terror  in  &e  old  theonr,  and  to  clear  up  one  or  two  points  in  the 
aiew,  where,  I  think,  n-om  the  novelty  of  the  views  and  a  natunil 
dfiejudice  in  fiivour  of  preconceived  notiomi,  objections  m$f 
wise* 
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According  to  the  commonly  receiTed  theory  of  collision,  when 
a  hard  body  strikes  another  at  rest;  the  two  bodies  proceed  to^ie- 

ther  with  a  common  velocity.    Now  if  these  bodies  have  no  kind 

oi  atlraction,  they  do  not jjiess  aRcr  collision ,  and,  consequently, 
either  of  them  may  be  taken  away  without  affecting  the  motioa 
of  the  other.  Hence  the  motion  which  the  body  that  was  quies- 
cent has  acquired  is  proportional  to  the  intensity  of  the  impulse, 
and  may  be  taken  as  a  measure  of  it.  Therefore,  if  the  body  A 
with  a  velocity  of  a  strike  the  quiescent  body     the  velocity  o£ 

the  baHa  «fterthe  stioke  wiU,  hy  the  old  theory^  be  and 

the  intensity  of  the.  stroke  ^-g*  The  ball  B  and  other  things 
remaining  the  same,  ifj  instead  of  A  we  substitute  a  ball  n  times 

'  A,  B 

greater,  the  intensity  of  the  stroke  would  be  £^  ^  3  \  andthere^ 

fore  the  .  ratio  of  these  two  strokes  is  that  of  »  A  +  B  to  «i 
(A  -f  B)»  That  is/  if  two  perfectl]^  hard  halls  strike  similarly 
and  with  equal  velocities^  two  sinular,  hard,  and  equal  halls^ 

B,  B,  at  rest,  the  ratio  of  the  strokes  will  be  that  of  n  A  +  B  to 
n  (A  -f-  B).  But  by  our  lirst  cor.  tu  the  pieceding  prop,  the 
ratio  of  these  intensities  should  be  that  of  1  to  // ;  and  the  same 
is  true  by  the  third  prop.  The  ratio  of  the  strokes,  therefore,  as 
given  in  the  two  theories,  differs  materially.  When  the  ratio  o£ 
the  stroke  of  a  less  to  that  of  a  greater  body,  under  the  same, 
circumstances  of  action  is  considered,  it  is  greater  in  the  old 
than  in  the  new  theory,  and  conversely ;  and  in  all  cases,  except 
one ;  namely,  the  collision  on  a  fixed  plane,  the  intensity  of  tha 
blow  is  less  in  the  old  than  in  the  new  theory.  It  is  not  an  easy 
thing  to  exaipine  the  truth  of  either  of  these  theories  by  direct 
experiment ;  except,  perhaps,  in  the  case  that  I  have  mentionedL 
in  the  scbohum  of  prop.  2,  for  want  of  perfectly  hard  bodies  ta 
experiment  on ;  but  probably,  iQ  the  absence  of  experiment^  tha 

Eerfect  poincidence  of  phsenomenay  and  the  con8e(]^uences  lhat  1 
^  ave  drawn,  from  these  new  principles  of  collision  m  the  foUow** 
ing  theory  of  g,aseous  bodies,  wi^  be  admitted  to  amount,  aa 
nearly  to,  an^  esqperimental  proof  as  the  nature  of  the  subject 
allows. 

Besides  the  methods  we  have  adopted  to  consider  various 
points  in  the  collision  of  hard  bodies,  there  are  seve  ral  others,  all 
of  which,  however,  come  to  the  same  thing ;  but  the  iuUowing^ 
method  of  examinino;  the  case  of  this  schoi.  which  has  occurred 
to  me  while  I  have  been  writing  this  part  of  the  memoir,  appears, 
to  be  so  independent  of  previous  considerations  that  I  have  been 
tempted  to  give  it.  Setting  aside  all  idea  whether  the  bodies 
^fter  collision  do  or  do  not  continue  together,  let  us  only  supposo 
that  they  are  absolutely  hard,  that  the  two  quiescent  ones  are- 
perfectly  equal,  and  that  the  other  bodies  before  the  strokes 
have  equal  velpcities,  and  move  similarly  upon  th^  quiescent 

t2 


Digitized  by  Google 


itSi   Mr,  Herapath  on  the  Causegy  Lawsy  andprheipal  [Apbil, 

Ijodies.  Then  because  the  bodies  are  perfectly  hard,  the  strokes  * 
will  be  equally  diffused,  and  felt  m  every  part  of  the  impinging 
bodies  ;  and,  therefore,  every  part  of  the  impinging  bodies  will 
•qually  contribute  to  the  stroke.    And  the  same  things  will 
€videntlj  hold  good  if  each  impinging  mass,  instead  ot  being 
one  entire  body,  be  composed  of  two  or  more  movitig  along  in 
contact  with  a  common  velocity,  provided  the  centres  of  gravity 
of  all  the  bodies  and  their  points  of  contact  be  all  in  the  nne  in 
irhieh  the  impulse  is  given.   Again,  because  the  bodies  struck 
tte  equal  and  sim^,  and  the  strokes  are  mads  similaily  and  witii 
e^ual  velocities ;  the  strokes,  as  far  as  they  depend  upon  these 
meumstances,  most  be  identicaHy  the  same.  TheieCare,  wbi^ 
ever  be  the  difference  in  the  intensities  of  the  strokes^  it  is 
wholly  attributable  to  the  difference  in  the  masses  of  the 
impiogiiig  budicii.    But  \vc  have  already  shown  that  the  stroke 
is  the  same,  under  certain  conditions,  whether  the  impinging 
body  be  one  or  several  bodies  in  contact.    If,  therefore,  we 
conceive  tht*  greater  laipiiiging  body  to  be  composed  of  two,  one 
©f  which  IS  equal  to  the  other  impinging  body,  then,  since  the 
mere  contact  of  the  two  parts  can  have  no  influence  in  augment- 
ing or  diaiinishing  the  int'^nsity  of  collision  due  to  either  of  them 
separately,  the  intensity  of  the  impulse  of  the  other  body,  and  of 
the  part  which  is  equal  to  it,  are  conseqaently  equal.  But 
because  every  part  of  the  impinging  body  equally  contributes^to 
tiie  stroke,  the  intensity  of  the  impulse  due  to  a  part,  whether 
that  intensity  be  equivalent  to  the  whole,  or  only  to  a  portion  of 
the  momentom,  is  to  the  intensity  doe  to  the  wnole  or  Idle  hodj 
as  the  part  is  tO' the  whole.  The  ratio,  therefore,  of  the  impulses 
is  6qual  to  the  ratiaof  the  impinging  bodies. 

'When  a^  hard  ball  strikes  another  hard  baU  at  rest,  in  tiie  Kne 
cf  its  motion,  the  efiect  of  the  collision  is  a  mutual  change  of 
state.  And  since  by  cor.  1  to  the  preceding  prop,  this  is  true 
without  regard  to  the  relative  masses  of  the  balls  :  it  follows  that 
a  body  in  a  state  of  free  and  perfect  quiescence,  however 
small  it  might  be,  will  destroy  the  motion  of  another  body  how- 
ever large  and  however  great  its  momentum.  Thus  then  a  single 
particle  of  matter,  of  the  smallest  dimensions,  to  which  a  very 
small  force  would  give  a  velocity  sufficiently  great  to  avoid  a 
stroke  from  a  ver\^  large  body,  moving  with  a  much  greater 
momentum,  may,  if  struck,  when  at  rest,  stop  another  of  any 
dimensions  and  moving  with  any  force.  Tins  conclusion,  which, 
at  first  view,  appears  to  throw  an  air  of  improbability  over  the 
theory,  will,  upon  a  closer  inspection,  be  found  to  be  perfect^ 
natural  and  correct.  For  the  effect  in  motion  on  either  of  the 
ImJIs  is  equal  to  the  intensity  of  the  impulse,  and  that  intensity^ 
by  the  aforesaid  cor.  and  by  a  variety  of  other  consideralioni 
which  it  would  be  tedious  to  state,  is  equal  to  the  ipomentnm  of 
the  moving  body.  It  is,  therefore,  not  on  the  relative  magtntude$ 
4>t  llie  bomes  mat  the  changjg  of  motion  depends,  but  on  the 
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momentum  of- the  moving  body  belbre  the  contact ;  so  that  tba 
effect  of  a  very  large  bocfy  morins  with  a  less  velocity,  may  be 

XI  to  the  effect  of  a  very  smsul  body  movii)g  with  a  greater 
ity.  Hence  the  whole  difficulty  of  this  case  turns  upon  the 
abstraction  of  the  ideas  of  magnitude  and  momentum ;  and, 
therefore,  if  we  admit  a  reciprocal  chanj^e  of  state  when  the 
balls  are  about  equal,  we  cafULjt  refuse  it  m  any  other  case. 

Again,  it  has  generally  been  admitted  that  the  relative  motions 
of  bodies,  indoded  in  a  given  space,  and  their  mutual  actions  ma 
one  another,  are  the  same,  whether  tiiat  space  be  at  rest,  or  move 
uniformly  forward  in  a  straight  line.  This  is  true  with  elastic 
and  soft  bodies,  and  also  with  hard  ones  when  they  are  equal.; 
because  then  their  relative  velocity  is  the  same  before  and  alter 
the  stroke ;  but  when  they  are  unequal,  it  is  verv  different.  la 
cases  where  the  masses  are  veiy  unequal,  the  (filiereace  in  the 
two  results  will,  in  general,  be  very  great.  Let  a  body  whose 
mass  is  8  and  velocity  6  strike  another  at  rest  whose  mass  is  2  ; 
then  the  velocity  with  which  these  bodies  separate  after  the 
stroke  is  24.  But  if  we  estimate  this  relatively  to  a  space  mov- 
ing with  a  velocity  of  4  in  the  same  direction,  it  becomes  9, 
which  is  but  little  more  than  a  third  oi'the  velocity^  with  which 
the  two  bodies  do  really  separate.  And  the  same  anomahcs 
might  be  shown  to  exist  in  other  cases  of  tiiis  theory  with  respect 
to  the  coUisions  of  unequal  bodies  under  similar  circumstances. 
It  is,  therefore^  by  no  means  iqimaterial,  as  it  has  generally  been 
imagined  (Newton,  cor.  5,  of  the  third  Law  of  Motion),  whethei^ 
we  calculate  the  effects  of  coUision  according  to  absolute  or 
relative  raet;  the  substitnlion  of  the  one  for  the  other  might 
produce  very  erroneous  results.  These  considerations,  however, 
will  not  at  all  affect  the  validity  of  our  deductions  in  the  laws  of 

Seous  bodies.  For  the  particles  moving  and  striking  in  ail 
actions,  whatever  force  is  gained  by  relative  motion  in  the 
ene  is  lost  in  the  opposite  direction;  so  that  the  mean  force^ 
srtuch  is  all  that  we  consider,  vrXL  be  the  same  in  both  cases 

iTo  be  continued,} 


Aexicle  IX. 

Oil  the  Con^rative  Temperature  of  Penzance.   By  Dr.  Forbes. 
(To  the  Editor  of  the  Ajimls  of  PhUosophi/,) 

SIR,  Penzanee,  Feb,  3, 

In  the  small  tract  lately  published  by  me  on  the  Climate  of 
Penzance,  I  have  pointed  out  the  relative  temperature  of 
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Srariety  of  places  in  the  island  ;  all  which  observations  illustrate, 
in  a  very  striking  manner,  the  effect  of  the  peninsular  pontion  of 
this  place  in  equaiiz/i/g  its  temperature.  In  further  illustration 
of  this  fact,  I  subjoin  the  principal  results  of  the  last  three 
months  at  Fenzance  and  Edmonton  (Middlesex),  as  procured  by 
the  register  thermometer.  On  this  occasion  I  would  beg 
leave  to  suggest  the  advantage  of  collectiDg  the  compara- 
live  observations  made  by  register  thermometers  throughout 
Hhe  kingdom^  and  of  publishing  them  monthly,  condensed  into  a 
tsomprenensive  and  manageable  compass^  as  in  the  following 
table.  If  you  approve  of  the  proposal,  and  will  solicit  the 
vsistance  of  observers  in  different  parts  of  the  kingdom,  I  have 
BO  doubt  but  this  will  be  cheerfully  granted.  By  such  a  plan  as 
this,  I  am  convinced  a  much  more  clear  and  exact  knowledge  of 
meteorology  would  be  diffused  in  a  few  years  than  by  the  long 
continued  publication  of  the  voluminous  and  unconnected  diaries 
tii  present  difiused  through  various  journals.  If  your  fHend  Mr. 
Xnke  Howard,  who  is,  perhaps,  better  qualifiea  for  the  task 
than  any  other  person,  would  undertake  to  construct  a  plan, 
mnd  submit  it  to  the  public,  I  have  no  doubt  of  the  success 
of  the  measure.  Of  course,  in  this  it  would  be  necessary  to 
include  all  the  more  important  features  of  the  science.  In  the 
following  table  I  confine  myself  to  the  loiiperatnre, 

I  am,  Sir,  your  obedient  humble  servant, 

'   John  Fokbes.  . 


Comparative  Temperature  of  Poizance,  in  Cornwall  and  Edmon^ 
ton,  Middlesex,  in  Nov,  and  Dec,  1820,  and  Jan.  1821,  hyih 
Jttegister  Thermometer,  v 


November. 

December. 

Jannary. 

Penz. 

Edm. 

Penz. 

Penz, 

Edm. 

"66^ 

58^ 

"54^ 

56° 

"53° 

35 

22 

21 

21 

26 

21 

50 

47 

46 

43 

47 

41 

44 

35 

40 

35 

41 

33 

Mean  of  maxima  and  minima.  . . 

47 

41 

43 

39 

44 

37 

Extreme  monthly  range .  •,•«,.. 

21 

36 

33 

35 

27 

32 

13 

25 

14 

19 

12 

21 

1 

3 

1 

2 

2 

2 

^  Med.  

6 

12 

5 

8 

6 

9 

N.B.  The  results  for  Edmonton  are  extracted  from  the  diaijf 
of  Mr.  Adams,  published  in  the  Literary  Gazette.  , 
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The  annual  mean  temperature  is  nearly  494-°,  ^^^i^o  *  ^^ttle 
more  than  1  less  than  the  mean  of  last  year.  The  mean  of  the 
first  three  months,  38-5°  ;  second,  54*4'^ ;  third,  59*9*^ ;  fourth, 
44'5°;  of  the  six  winter  months,  41'5°;  six  summer  moDthS| 
57*  1^.  The  maximum  of  83^  occurred  on  June  27,  and  the  mini- 
mum  of  13^  on  Jan.  1 :  difference  of  these  extremes,  70°. 

The  mean  annual  pressure  of  the  atmosphere  is  29*70  inches ; 
highest  pointy  30*64;  which  occurred  on  Jan.  8;  lowest,  28-46, 
which  was  on  Oct.  17 :  difference  of  these  extremes,  2*  19  inches. 
The  mean  dail;^  movements  of  the  barometrical  oscillations  mea> 
sure  nearly  44  inches.  Total  number  of  changes,  1 12. 

The  faus  of  rain,  hail,  snow,  and  sleet,  during  the  past  year, 
haye  measured  a  little  more  than  32  inches ;  which  is  somethiDg 
under  an  annual  average.  Very  little  rain  fell  during  the  first 
three  mouLhs  of  the  year;  but  tht^  following  month  (May)  vva* 
very  wet,  for  there  were  nearly  six  inches  registered.  Upwards 
of  four  inches  fell  in  October.  Total  number  of  wet  days  for 
the  year,  181. 

The  reporter,  as  usual,  has  again  to  notice  a  prevalency  of  the 
south,  south-west,  and  west  winds.  Out  of  365  notations  of 
the  wind,  214  were  noticed  to  blow  from  the  above  points. 

There  has  been  more  thunder  and  lightning,  during  the  former 
part  of  the  year,  than  has  been  noticed  in  several  fonner  ones, 

farticularly  in  the  month  of  May.    lightning  occurred  on  six 
ays  in  that  month,  which  were  mvariaBly  attended  ^ith  rain: 
.sometimes  it  fell  in  torrents,  and  in  three  instances  with  hail. 

Mv  ftiend,  Mr.  Edward  Stelibx,  of  Lymn,  near  Warrington, 
has  mvoured  me  with  the  above  account  of  rain.  Mr.  S.'s  rain- 
guage  is  exactly  the  same  as  mine,  and  I  can  rely  upon  his 
account  as  correct.  His  annual  register  of  rain,  for  tne  year 
1^19,  was  29*305  inches ;  for  the  present,  a  little  more  than  30 
inches.  Mr.  Steifox  noticed  the  temperature  on  Jan.  1,  1820,  to 
be  13*5®;  on  the  3d,  at  13°;  and  on  the  22d  of  the  same 
month  at  10°. 

The  column  of  rain,  headed  Ardwick,  has  been  furnished  by 
my  friend,  Mr.  John  Dalton.  His  rain  funnel  is  fixed  about  a 
mile  out  of  Manchester,  in  an  easterly  direction,  and  is  situated 
«ome  little  higher  than  mine.  It  has  often  been  remarked,  that 
Mr.  Dalton's  annual  account  invariably  exceeds  mine  sometimes 
by  five  or  six  inches,  as  m  the  present  instance.  Mr.  D.  thinks 
that  his  funnel  being  larger  may  in  part  account  for  the  difference. 

However,  I  fancy,  there  is  an  error  somewhere.  It  is  much 
to  be  desired,  that  one  uniform  plan  could  be  adopted  with 
respect  to  measuring  of  rain.  I  have  furnished  a  gentleman  of 
Crumpsall,  near  Manchester,  with  a  funnel,  and  the  same  meaus 
of  measuring  the  rain  as  Mr.  Steifox  uses:  and,  from  his  results, 
it  appears,  mat  our  accounts  pretty  nearly  agree. 

JimcAeiier,  Jam  17,  Kit. 
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January. — The  weather,  in  general,  fine,  with  sharp  frost;  air 
very  keen.  Some  heav)-  showers  of  rain  aiid  snow.  A  heavy 
gale  of  wind  on  the  26th  and  27  th. 

February, — The  weaiher  very  fine  in  general.  Some  showers 
of  !?now  and  hail.   A  little  frost  towards  the  latter  end. 

March, — Weather  very  fine.  Some  frost  in  the  early  part  of 
fhe  month.   A  few  showers  of  bail,  snow,  and  rain. 

Aj^L^Tbe  weather  very  fine  and  pleasant  throughout^  with 
fhe  exception  of  three  or  fonr  days  in  the  early  part  of  the  months 
which  were  showery. 

J%.-~The  weaker  durine  the  neaterpart  of  this  month  was 
wet  and  unpleasant.   Some  nail  showers  towards  the  end. 

June, — The  weather,  in  general,  very  fine ;  2oth,  26th|  and 
27th,  uncommonly  hot  and  sultry. 

Jfi/y.— \\  eathcr,  in  treneral,  very  fine.  Some  very  heavy 
showers  of  rain  on  the  12th  and  17th.  Thunder  and  lightning 
on  the  11th. 

August, — This  month,  in  general,  showery;  but,  on  the  whole, 
good  narvest  weather:  crops  abundant.  Thunder  and  light- 
ning on  the  30th. 

IScptemher. — The  weather  in  the  early  part  of  this  month  very 
fine.  During  the  solar  eclipse  on  the  7th,  the  thermometer  in 
die  shade  varied  between  2°  and  On  the  18th,  the  weather 
became  rainy,  cold,  and  boisterous,  and  continued  so  to  the  end 
of  the  month. 

October, — This  month  exceedingly  fine  till  the  14th,  when  the 
weather  suddenly  changed,  and  became  very  stormy,  with  heavy 
lain,  which  continued  to  the  end« 

aomnber. — ^The  weather  during  the  greater  part  of  this  month 
was  gloomy  and  damp.   Some  heavy  hail  showers  on  the  15th. 

December. — ^This  month  was,  in  general,  gloomy  and  damp  as 
the  preceding.  On  the  14th,  hail;  on  the  26th  and  the  29th, 
snow.  On  tlie  13th,  25th,  26th,  28th,  29th,  30th,  and  31st  (a 
most  unusual  length  of  time  for  this  place)  iiost.  The  air 
exceedingly  keen.  E.  C.  G. 


Article  XII. 

The  New  Coniei,    By  WiUiam  Burney,  LL.D. 
(To  the  Editor  of  the  Annals  of  Philosoph y .) 

SIR,  Observatory^  Gosporf,  Feb,  «4,  1821. 

A  COMET  made  its  iqppearance  here  last  evening  at  35  minutes 
past  six  o'dock,  two  or  ttee  degrees  to  the  north,  of  Algemb, 
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the  last  star  in  the  wing  of  Pegasus.  It  was  32°  to  the  east  of 
the  sun,  and  set  with  tSaturn  at  a  quarter  past  ei<j:ht  oxlock^ 
about  W.N.VV.  but  was  IS-J-  to  the  north  of  thnt  planet. 

Its  bright  vuflevii  was  surrounded  by  a  diiliisccl  comrt  three- 
fourths  of  a  degree  in  diameter,  and  its  perpendicular  train  was 
nearly  4®  in  length  when  the  coruscations  were  most  vivid,  through 
the  upper  part  of  which  a  small  star  of  the  sixth  magnitude  was 
perceived  by  the  help  of  a  telescope.  This  is  unquestionably  the 
same  comet  that  M.  Nichollet,  of  Paris,  is  said  to  have  disco^ 
vcred  in  the  evening  of  the  21st  ultimo,  ia  the  constellation 
Pegasus,  but  which,  to  our  knowledge,  has  not  yet  been  seen  by 
the  English  astronomers* 

The  new  comet  has  changed  ifis  position  among  the  fixed 
stars  about  two-thirds  of  a  degree,  since  the  evening  of  the  ^d 
ultimo,  when  first  we  saw  it ;  therefore,  its  apparent  motion  n- 

very  slow. 

Its  north  polar  distance  last  evening  was ,  •  •  •    7  7^  40^ 

Kight  ascension  •  368  35 

North  declination   12  20 

It  is  descend nifx  with  an  antecedential  motion  towards  the 
back  of  the  southern  fish  of  Pisces,  and  by  the  annual  motion  of 
the  earth,  the  sun  is  daily  approaching  it. 

It  will  come  to  its  perihelion  two  or  three  days  before  the 
vernal  equinox ;  but  previous  to  that  time,  probably,  it  will  be 
lost  to  our  view  in  the  solkr  rays  in  the  evenmgs.  It  sets  soon 
after  eight  o'clopk,  p.  m.  about  W.N.W. 

Its  train  last  evening,. at  one  time,  was  between  5^  and  6^ 
long,  and  will  continue  to  increase  in  length  and  splendour  till 
the  comet  comes  to  its  nearest  point  to  tne  sun ;  for  then  the 
heat  communicated  to  it  is  increased  by  his  proximity.  . 

Tl^either  the  nucleus  nor  train  is  so  splendid  as  the  comets  that 
appeared  here  in  1811  and  1819;  it  more  resembles  the  comet 
in  1807,  except  the  colour  of  the  body,  the  present  one  being 
more  brilliant. 

March  U,  1821. 

The  new  comet  came  to  its  perihelion  to-day ;  namely,  within  14* 
of  the  sun.  It  has  only  lessened  its  right  ascension  half  a  degree, 
and  its  north  decHnation  four-fifths  of  a  degree  since  the  even- 
ing of  the  24th  of  February  last,  when  it  was  first  seen  here  ; 
but  by  the  annual  motion  of  the  earth,  its  distance  from  the  sun 
is  decreased  about  16^.  Now  it  is  advanced  too  far  in  the  solar 
Tays  to  allow  us  to  make  further  observations  on  its  position  in 
the  evenings.  At  the  close  of  this  month,  it  will  begin  to  set 
^r  the  sun ;  and  with  a  cleat  horizon  an  hour  before  sunrise, 
^re  will  be  a  chance  of  seeing  it  rise  about  E.N,£.  during  the 
^uing  month. 

Ihc  weather  lately  has  been  unAivourable  for  seeing  the  comet 


Digitized  by 


) 

300  On  Oil  and  Coal  Gas,  [April, 

so  near  the  western  horizon  in  the  evenings  ;  and  from  its  veiy  j 
slow  geocentric  motion,  it  will  not  aiford  a  sufficient  space  to  ' 
attempt  to  deduce  the  fona  of  its  orbiti  which  ie  the  chief  oi:(iect  j 
to  science.  | 
It  is  hoped  that  correct  observations  on  the  frecjuent  appeal^  ! 
joices  and  motions  of  those  celestial  visitois  will,  m  the  course  i 
of  time,  throw  new  light  on  the  thecny  of  comets,  and  divest  it 
xif  much  of  the  uncertainty  that  seems  to  exist  in  regard  to  the 
Ibrm  of  their  eccentric  orbits  and  periodic  retoms. 

I  am,  Sir,  your  obedient  servant, 

William  Bu&nbt. 


Article  XIII., 

On  Oil  and  Coal  Gas, 
(To  the  Editor  of  the  Annak  of  Philosophy,) 

DEAR  SIR, 

On  perusing  Mr.  Ricardo's  paper  in  your  last  number  "On 
the  Comparative  Advantages  of  illuminating  by  Gas  produced 
from  Oil  and  Irom  Coal,"  1  felt  a  little  surprised  that  he  had  not 
obtained  more  correct  information  respecting  the  value  of  coal 

fas ;  for  he  states  that  the  selhng  price  of  coal  gas  is  not  less, 
ut  "  in  some  of  th^  provincial  towns  and  cities  more  than  ids. 

fer  1000  feet."    In  speaking  of  the  profits  of  Gas  Companies^ 
e  says^    The  highest  return  quoted,  which  is  of  the  Bri^ 
Qas  Con^ny,  is  10  per  cent,  and  the  chartered  Company  ia 
IiOndon,  which  possesses  advantages  superior  to  amf^  only  divides 
eight  per  cent.''   Not  knowing  the  price  of  gas  at  the  chartered 
Company,  I  assume  that  it  is  169.  per  1000  feet  to  the  consumer* 
The  Sheffield  Gas  light  Company  retail  their  gas  at  12^.  per 
>  1000  feety  and  allow  a  discount  of  from  5  to  20  per  cent*  in 
portion  to  the  rental.  AU  consumers  of  ^as  whose  rental  is  320/. 
per  annum,  or  upwards,  are  allowed  a  discount  of  20  per  cent*  { 
When  the  discount  is  aUowed,  I  bdieve  the  average  to  tne  whole 
town  is  at  about  109.  6<2.  per  1000  feet,  and  yet  the  Sheffield 
(las  Light  Company  has  divided  a  projit  of\0  per  cent*  the  tot 
year.    This  certainly  proves  that  the  Sheffield  Gas  Light  CoBK 
inittee  cne  either  better  managers  of  the  trust  confided  in  them,  | 
or  that  tlie  chartered  Coiupaay  does  not  possess  advantages  | 
superior  to  (nn/  other  Gas  Company.    But  w])at  will  Mr.  R.  say 
to  the  Derby  Gas  Company  when  I  infonu  him  that  they  charge 
only  7s.  (yd,  per  1000  feet,  to  the  consumer;  but  as  their  coa- 
cern  is  only  m  its  infancy,  I  cannot  state  their  profiLs.  If 
4Jiow  that  one  foot  oi  oil  gas  is  e^ual  in  iUuminating  power  ^ 
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three  and  a  half  feet  of  coal  gas,  the  oomparison  between  the 
Derby  pnceb  and  Mr.  R/s  statement  of  oil  gas  wiH  stand  thus : 

£  s,  d, 

1000  feet  of  oil  gas  cost   17  0' 

3600feetof  coal  gas  is  sold  at  Derby  for. 16  3 

0.  0  9 

leaving  a  balance  of  9rf.  m  fkyonr  of  coal  gas  besidee  the  proA^ 

which  the  Company  calculate  at  10  per  cent.   The  con^parison 
between  oil  and  coal  gas  by  experimentalists  in  general  is  given 
as  1  to  3  :  allowing  this  to  be  uearly  the  trutii,  we  shall  have 
the  followino;  statement: 
Mr.  Eicardo  says  that  a  fair  average  for  j 

1000  feet  of  oil  gas,  allowing  tor  wear^  tear, 

and  every  continj^ence,  is  ....... .    1    10  0 

3000  feet  <^  coal  gas  seUs  in  iShefiieki  for. .    1    11  6 

Now  if  we  aHow  that  oil  gas  can  be  mann&ctared  at  30$,  pet 
1000  feet,  selling  it  at  the  same  price  as  coal  gas,  in  proportion 
to  its  illuminating  power,  it  womd  only  Icare  6/.  per  cent,  sup- 
posing that  there  should  be  no  losses.    Mr.  R.  further  remarks, 

that  "  the  only  possible  inconvenience  that  can  result  from  the 
use  of  oil  gas  is  an  accidental  smell  from  the  cock  being  acci- 
dentally left  open,  which  is  instantly  detected,  and  as  instantly 
remedied  without  leaving  so  unpleasant  a  smeU  as  that  arising 
from  the  similar  escape  of  coal  gas."  I  think  that  tliere  is  very 
little  difference  between  the  smell  of  oil  and  coal  gas  as  to  plea- 
santness ;  but  allowing  that  the  smell  of  coal  gas  is  more  unplea- 
sant than  that  of  oil  gas  when  an  escape  takes  place,  that  should 
not  be  urged  as  a  reason  why  oil  gas  should  have  the  preference ; 
for  as  both  gases,  when  mixed  with  a  certain  proportion  of 
atmosphencal  air  will  explode  when  a  light  is  introduced,  it  is 
my  opmion,  that  the  gas  most  proper  to  be  introduced  in  dwc^- 
ing-housesy  warehouses,  &c.  is  that  which  can  be  most  easify 
detected  when  an  escai>e  dbct take  place. 

If  these  remarks  merit  a  place  in  your  journal,  your  insertmg^ 
ftem  will  oblige  A  Svbscribbe. 


Article  XIV. 

-fieseercAes  Oft  the  Composition  of  the  Prussiates,  orferrvginous 
BydnKyanates.    By  J.  Berzelius. 

t  PROCEED  to  detail  the  experiments  I  have  made  with  the 
den^  of  obtaining  light  on  these  subjects^  and  the  mferencei 
wUdi  I  think  may  be  deduced  from  them. 
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I.  Researches  on  the  Relation  of  the  Iron  to  the  other  Bases  in  the 

ferruginous  Hydrocyanates, 

(A.)  Salt  With  Base  of  Fotash. 

The  8fdt  was  purified  in  the  following  manner:  Crystals  that 
had  effloresced  were  heated  in  close  vessels  until  the  mass 
entered  into  fusion.  This  was  then  dissolved  in  water,  and 
twice  crjrstaOized.  The  solutiou  was  not  rendered  turbid  by 
liydrocyanate  of  barytes,  and  the  salt  had  alight,  but  pure  iemon* 
yellow  colour.  It  was  pulverized,  and  left  exposed  to  tiie  air 
for  two  days  without  losing  any  weight.  Exposed  afterwards 
to  the  temperature  of  140^  Fahr.  it  effloresced,  and  lost  betweea 
,  0*12iJ  and  0'124  of  its  weight:  these  numbers  are  the  two 
extremes  of  seven  e\|)eriments.  It  lost  nothing  further,  at  a 
temperature  higher  than  that  of  boiling  water. 

I  mixed  30*88  grs.  of  the  salt  thus  aried,  with  sulphuric  acid 
in  a  platina  crucible  ;  the  mass  heated,  but  without  any  efferv  es- 
cence,  and  no  smell  of  hydrocyanic  acid  was  perceptible. 
Heated  on  the  sand  bath,  it  sustained  no  change,  and  it  was  not, 
until  it  had  been  exposed  to  the  flame  of  a  spirit-lamp,  that  it 
began  to  be  decomposed.  A  quantity  of  gas  was  then  disen- 
gaged, which  had  not  only  the  smell  of  sulphurous  acid,  but  also 
tnat  of  the  hydrocyanic.  The  heat  was  continued  until  the  excess  of 
stdphuric  acid  was  driven  off,  and  water  was  poured  on  the  mass 
wben  cold.  The  sulphate  of  iron  dissolved  slowly;  it  was 
necessary  to  add  water,  slightly  acidulated  with  muriatic  acid, 
to  obtain  a  complete  solution. 

The  clear  liquor  was  precipitated  by  caustic  ammonia  added 
in  excess.  The  oxide  of  iron  was  thrown  on  a  filter,  and  washed 
with  a  large  quantity  of  water.  The  salt  remaining  in  the  solu- 
tion and  washings  was  evaporated  to  dryness,  and  neaped  red  in 
a  platina  cracibl^.  It  is  hardly  possible  to  prevent  a  portion  of 
tbe  ammonia  from  being  volatiuzed  at  the  commencement  of  this 
operation,*  and  consequently  an  acidulous  sulphate  of  potash 
remains,  which  it  is  difficult  to  deprive  entirely  of  its  excess  of 
acid.  To  get  rid  of  this  excess,  I  introduce  a  small  piece  af 
carbonate  of  ammonia,  by  a  platina  spoon,  into  the  crucible,  while 
the  mass  is  still  red  hot.  1  then  put  on  the  cover  to  check  the 
escape  of  the  ammoniacal  ;^as.  The  sulphuric  acid  almost 
instantly  evaporates  in  tlic  alkahiie  atmosphere,  and  the  salt 
becomes  neutral.  In  this  manner  I  obtanied  in  three  separate 
experiments  29*11,  29*17,  29*49  grs.  of  sulphate  of  potash,  equi- 
valent to  51*09  hundredth  of  the  weight  of  the  anhydrous  ferru- 
ginous prussiate.  The  oxide  of  iron  weighed,  in  the  different 
experiments,  between  6*17  and  6*64  grs.  Dr.  Thomson's  asser- 
tion, that  a  portion  of  the  iron  is  volatihzed  with  the  hydrocyauic 
acid,  induced  me  to  try  another  method  of  separating  it  from 
this  metal.  I  dissolved  the  ferruginous  prussiate  of  potash  in 
water,  added  hydrate  of  deutoxide  of  mercury  to  the  solutioi^ 
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mi  digested  them  together,  till  ail  the  iron  was  |>recipitated  in 
the  Btate  of  red  oxide.  The  excess  of  oxide  of  mercury  was  then 
separated  by  stroDS  calcinatioii :  30*8^  grs.  of  the  prussiate  ia 
question  gave,  in  this  manner,  6*42  grs.  of  oxide  of  iron.  The 
mean  result  of  theae  aiidlytical  experiments  is,  therefore,  as 
follows : 

Oxygen. 

Potash   44*62  contains    7*68  ....  2 

Protoxide  of  iron   16-64    3-79   V 

Water   12-70    11-30  ....  3 

Loss  26-04 

100-00 

It  follows  from  this,  that  the  potash  contains  twice,  and  the 
water  three  times  as  much  oxygen  as  the  iron,  in  the  state  of 
protoxide.  The  loss  is  nearly  equal  to  the  weight  of  four  atoms 
of  hydrocyanic  acid;  but  the  supposition  that  the  salt  should 
contain  this  number  of  atoms  is  the  less  probable,  because  in 
that  case^  the  weakest  base,  the  protoxide  of  iron,  must  contain^ 
idatiTely  to  its  ordinary  capaci^  of  saturation,  twice  as  much 
acid  as  the  potash,  the  stronger  base. 

(B.)  Salt  with  Base  of  Barytes. 
This  salt  was  obtained  by  digesting  prussian  blue  with  hydrata 
of  barytes  and  water.   The  undissolved  portion  was  treated  with 
boiling  water  as  long  as.it  dissolved  any  thing,  and  the  solutions 
were  evaporated  to  a  very  small  quantity.    During  the  evapoca^ 
tion,  the  barytic  salt  crystallized  irregularly,  and  it  was  neces* 
sary  to  redissolve  it  in  boiling  water,  nrom  which  it  separated  on 
cooling,  in  the  form  of  small  yellowish  crystals.   It  sufieied  no 
change  at  common  temperatures,  but  at  104^  Fahr.  it  began  to 
effloresce.   The  crystals  do  not  fall  to  powder,  bat  onty  lose 
their  transparency,  and  assume  a  milky  appearance:  30*88  grs. 
of  this  salt  lost,  m  this  manner,  in  different  experiments,  from 
6'09  to  5*12  grs.  of  water.    I  placed  the  reuiaining  25*76  on  a 
small  porcelain  capsule,  which  I  heated  red  by  the  flame  of  a 
spirit-lamp  with  a  double  current  (et  d  double  courant),  and  con- 
tinued the  heat  till  all  the  combustible  matter  was  burnt  away: 
the  residuum  was  a  mixture  or  barytes  and  red  oxide  of  iron,  w^oign- 
ing  24-63  grs.  .Dissolved  in  munatic  acid,  and  then  precipitated 
by  sulphuric  acid,  it  gave  24-13  grs.  of  sulphate  of  barytes. 
After  this  was  separated,  I  added  ammonia  m  excess  to  the 
liquid,  which  threw  down  4-09  grs.  of  red  oxide  of  iron.  Accord* 
uig  to  this  experiment,  the  barytic  salt  contains : 

Oxygen. 

Barytes;   51*273  containing    5-38*  ...«  2 

Protoxide  of  iron..  1P866    2*70  ....  1 

Water  16-660  14-72  ....  6+ 

Loss   20-302 

.  lOO-QQO 
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We  flndy  thtenlbrCy  die  same  lelitkm  between  the  protoxide 
ef  inm  end  the  beiytea,  as  in  the  salt  with  beae  of  potaeh;  oa 
Ae  odier  faandi  the  relation  of  the  water  to  the  baaee  exfaibit8|  m 
lUa  instance  a  lemarkaUe  exception  to  the  ordiaary  rde^  aa 
exception  tibat  might  verv  well  be  attribated  to  inaccarac^of 
observation^  if  the  loss  which  this  salt  experiences  by  efflor^ 
cence  were  not  so  uniform  and  so  easy  to  be  correctly  deter- 
mined. Wticn  we  compare  the  relation  of  the  capacity  of 
saturation  of  the  bases,  to  the  quantity  of  the  sub  stance  lost  in 
the  analysis,  with  that  observed  in  the  sail  with  base  of  potash, 
we  tind,  in  the  salt  with  base  of  barytes  that  the  loss  exceeds 
that  in  the  salt  with  base  of  jxitash  by  a  quantity  precisely  equal 
to  that  which  the  water  wants  (que  Veau  a  doimt  oi  //wins)  to 
make  its  oxygen  twice*  that  of  the  barytes,  and  six  times  that 
of  the  protoxide  of  iron.  We  shall  soon  see  that  this  water  is 
found  again,  when  this  salt  is  burned  by  means  of  oxide  of 
copper,  . 

(C.)  SaU  with  Base  o/Idme.  > 

This  salt  was  prepared  neatly  in  the  siame  manner  as  the 
barytic  salt.  It  is  very  soluble  in  water,  and  does  .not  crystallize 
till  the  solution  has  acquired  a  ayrupy  consistence,  and  after 
some  days  leat.  The  crystals  are  usually  large,  and  of  a  pale 

yellow  colour* 

One  hundred  parts  of  this  salt,  exposed  to  the  heat  of  a  sand- 
bath,  lose  36-61  per  cent,  of  their  weight  of  water  of  crystalliza- 
tion. The  crystals,  notwithstanding  this;  large  qii an tity  "of  water, 
do  not  fall  to  powder,  and  1  have  observed  that  although  this 
salt  begins  to  effloresce  as  readily  as  the  preceding,  a  higher 
ti'iuperature  is  requisite  to  deprive  it  of  the  last  portions  of 
water.  The  anhydrous  salt,  burnt  Uke  the  preceding  in  an  open 
vessel,  gave  50*53  per  cent,  of  its  weight  of  a  mixture  of  oxide 
of  iron,  caustic  lime,  and  carbonate  of  lime.  It  was  dissolved 
in  muriatic  acid,  perfectly  neutralized  by  caustic  ammonia,  and 
precipitated  by  succinate  of  ammonia.  The  succinate  of  iron, 
Durned  on  an  open  capsule  of  porcehiin  ,  left  15*26  parts  of  oxide 
of  iron.  The  solution,  from  which  the  iron  had  been  separated, 
gave,  by  precipitation  by  oxalate  of  ammonia,  oxalate  of  hme, 
lAiohy  being  decomposed  by  heat,  left  89*21  parts  of  carbonate 
efUnie.  This  carbonate,  moistened  with  a  solution  of  carbon- 
ate of  ammonia^  and  then  thoroughly  dried^  gained  noltiiog  ^ 
Height.  The  ana^s,  therefore,  gave 

Oxygen. 

lime  : .  • .  32*45  containing   6*20     . .  2 

Proxide  of  iron.      13*69   3*12  1 

Water   39  61  .........  36'21  ....  lit 

Uta  23*86 
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We  find  again  fa^i^,  as  in  the  barytrc  ^It,  that  ha!f  a  propor<» 
tion  of  water  is  wanting,  that  is  to  say,  that  the  salt  retains  one 
atom  of  water;  and  by  comparinc^  the  loss  from  the  substances 
destroyed  by  heat,  with  the  capacity  of  saturation  of  the  bases, 
also  find  in  this  case  a  surplus  corresponding  to  the  (][uan- 
tity  of  water  that  has  disappeared, 

(D.)  Salt  with  Base  of  Oxide  of  Lead. 

Neutral  nitrate  of  lead  w;i  s  poured  into  a  solution  of  ferraginontf 
prussiate  of  potash,  taking  care  that  the  latter  should  be  ia 
excess,  in  order  to  prevent  the  precipitation  of  nitrate  of  lead^ 
which  mixes  with  ail  the  insoluble  salts  with  base  of  oxide  of* 
lead,  if  there  be  an  excess  of  nitrate  of  lead  in  the  liquid  frord 
which  they  are  deposited.    The  liquid  remained  perfectly  neu- 
tral.  The  precipitate  was  white^  but  viewed  in  a  certain  direc-» 
tioD  towards  the  light|  it  appeared  verging  to  yeHow.    I  wai  / 
aaable  to  determine,  with  the  precision  I  could  hare  wished,  the 
4{iiantity  of  water  contained  in  this  salt,  because  its  point  of 
|ierfect  diyneas  approaches  too  near  to  that  at  which  it  begitti> 
to  effloresce*    However,  the  results  I  ofotakied  led  me  ^ 
believe  that  in  this  salt^  jnst  as  in  the  salt  w^  base  of  potasll^ 
the  water  contains  the  same  quantity  of  oxygen  as  the  two  base$ 
together. 

One  hnndred  parts  of  the  salt,  dried  on  a  very  hot  sanA-bath^ 
ipere  humed  in  an  open  porcelain  capsule ;  the  mass  was  dis*- 

solved  in  nitric  acid,  neutralized  with  ammonia,  and  precipitated 
by  sulphate  of  ammonia.  The  sulphate  of  lead,  washed,  and 
calcined  at  a  red  heat,  weighed  96*5  parts.  The  filtered  liquid 
was  precipitated  by  caustic  ammonia,  and  gave  12*6  parts  of 
oxide  of  iron,    i  hus  the  analysis  gave : 

Oxygen. 

Oxide  of  lead   700  contaimng  5  09  ....  2 

Protoxide  of  iron.         11*9  2*57  ••••  1 

Loss  17-7 

We  find^  therefore,  also  in  this  case^  the  same  relation  bet#eeia 
Ae  oxide  of  iron  and  that  of  lead,  as  well  as  between  the  bases 
and  the  substance  destroyed  by  combostion,  as  in  the  fermgi* 
nous  prussiate  of  potash. 

I  think  these  analyses,  selected  from  the  three  classes  of  bases^ 
"v^'ill  suffice  to  prove  that  whatever  be  the  state  of  the  iron  in. 
these  salts,  it  takes,  in  the  state  of  protoxide,  half  as  much  oxj/g^a 
^  the  radical  of  the  other  base. 

II.  Expm$nents(m$heAcidof  tkm  SaliS0 

The  proofs  on  which  Mr.  Porrett  has  founded  his  opinion^ 
that  the  iron  in  the  ferruginous  hydrocyanic  acid  is  in  the  metal- 
Nei0  Serie$,  tol«  u  v  # 
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Ec  state,  and  th^  it  is  a  constitaent  part  of  this  acid,  are  not 

decisive.  >         ^       ^  ^ 

To  verify  this  idea  by  direct  expenment|  I  put23-lD  grs.  of 
effloresced  ferruginous  prussiate  of  potash  into  a  small  aff- 
latus, made  by  the  lamp,  and  so  disposed  that  a  current  of 
sulphuretted  hydrogen  gas  might  be  passed  over  the  salt. 
At  the  common  temperatures  it  was  not  at  all  altered.    I  i]ien 
ieated  it  by  a  spirit-lamp,  slowly  increasing  the  temperature 
imtil  the  mass  fused.    Ihe  sulpliuretted  hydrogen  gas  was 
passed  over  it  until  the  mass  beca.ne  cold.  I  had  supposed  that 
^e  sulphuretted  hydrogen  would  decompose  the  protoxide  of 
iron,  producing  hydrocyanic  acid,  water,  and  sulphuret  of  iron ; 
but  no  trace  of  water  appeared.   The  sulphuretted  hydrogen, 
t>oth  at  entering  into,  and  leaving  the  apparatus,  was  passed 
over  fused  muriate  of  hme^  i^  order  that  the  water,  that  might  be 
formed,  during  die  operation,  might  be  correctly  weighed.  At 
the  endi.of  the  expenment,  the  prussiate  had  gained  il-6  per 
cent,  in  weight,  and  the  mariate  of  hme  21  hundredths  of  the 
-we%ht  of  the  prussiate.   Bat  on  heating  the  muriate  of  lime,  to 
fiee  if  what  it  had  absorbed  was  water,  it  gave  off  only  hydro- 
sulphuret  of  ammonia,  and  pure  ammpnia,  with  traces  of  mois* 
ture.   No  disoxidation  of  the  protoxide  of  iron;  therefore,  had 
taken  place,  and  the  experiment  appeared  to  confirm  Mr. 
Porrett  s  idea.    A  great  part  of  the  salt  had  been  converted 
into  sulphuretted  hydiocyanate  of  potash  •    a  small  portion 
remained  uadecomposed,  and  some  sulphuret  of  iron  was 
formed. 

I  next  endeavoured  to  decompose  the  anhydrous  prussiate  by 
distilUng  it  with  fused  boracic  acid,  to  ascertain  if,  during  tins 
X>peration,  borate  of  iron  would  be  f  ormed  ;  but  the  mass  swelled 
•  Tip  greatly  during  the  process,  and  passed  out  of  the  retort,  so 
that  its  neck  was  soon  stopped  up  by  it.  The  disengaged  gas  was 
cyanogen,  mixed  with  a  httle  hydrocyanic  acid.  After  She  cal- 
cmed  mixture  had  been  dissolved  in  water,  a  brownish  mass 
xemained,  insoluble  in  xniiriatic  acid,  vvhich,  exposed  to  heat, 

Eve  borate  of  iron ;  whence  it  appeared  that  the  boracic  acid 
d  been  in  part  decomposed.  . 

Thus  the  nonoxidated  state  of  the  iron  seemed  i>roved  by  these 
experiments.  When  I  calculated  the  above-mentioned  andjrses, 
the  result  appeared  to  coincide  with  the  following  composition: 
one  atom  of  metallic  iron,  two  atoms  of  the  oxide  of  the  other 

bases,  two  atoms  of  cyanogen,  and  three  atoms  of  prussic  acid. 
It  thus  remained  to  determine  by  combustion,  if  that  be  the  true 
state  of  the  matter. 

In  consequence,  I  burned,  in  a  glass  tube  surrounded  by  ano- 
ther of  tm-plate,  a  mixture  of  7*72  grs.  of  anhydrous  ferrugi- 
nous prussiate  of  potash,  and  231*66  grs.  of  pure  oxide  of  copper, 
prepared  by  the  decomposition  of  nitrate  of  copper  by  heat. 
The  mixture  wsa  made  in  a  porphyry  mortar^  heated  to  above 
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212**  Fahr.  The  gases  were  collected  over  mercury,  and  passed 
through  tubes  of  rery  small  diameters  to  prevent  too  great  a  mix- 
ture of  atmospheric  air.  A  portion  of  the  gas  obtained  towards 
the  end  of  the  operauon  was  collected  separately  m  a  graduated 
glass  tube. 

No  moisture  condensed  in  the  tubes,  in  which,  for  greater  cei«- 
tainty,  a  portion  of  fused  muriate  of  lime  was  placed,  and 
weii^hed  with  the  tubes.  They  gained  only  0*001  in  weights 
The  gas  collected  in  the  graduated  tube  was  examined  in  the 
following  manner  :  a  small  piece  of  caustic  potash  attached  to  a 
very  thin  flexible  iron  -wire  was  introduced  into  the  tube;  iOO 
parts  of  the  gas  left  39*9  parts  not  absorbed ;  so  that  the  vohiine 
of  carbonic  acid  gas  was  to  that  of  the  azote  as  3  : 2.  Thi^ 
result  was  very  di&rent  from  what  I  had  expected.  As  no  water 
was  formed  in  the  operation,  it  folio wed^  that  the  salt  contaaned 
n  hydrocyanic  acid.  Mr.  Porrett  had  found  that  the  voiumeof 
carbonic  acid  gas  was  four  times  greater  than  that  of  the  azote^ 
and  Dr.  Thomson  obtained  them  in  the  r^tio  of  2^  to  1.  The 
whole  of  the  carbonic  acid  obtained  in  this  experiment,  ^ooibdd 
by  a  determinate  quantity  of  potash,  weighed  4*138  grs» 

I  repeated  the  experiment  once  more^  but  with  .  8  stRkogier 
heat,  so  as  to  soften,  the  glass  tube ;  I  obtained  the  same  resid^ 
bat  the  relation  of  volume  of  tbir  carbonic  acid  sas  to  that  of  Ae 
ijtote  then  exceeded  the  ratio  ol^  one  and  a  half :  how^erj^  tbft- 
difference  was  so  trifling  that  it  might  veiy  well  be  only  an  emir 
ef  observation. 

Water  digested  on  the  residixum  in  the  tube  that  ba2 
been  exposed  to  heat,  took  up  potash,  and  this  solution  gsveaifc 
abundant  precipitate  with  lime-water ;  the  precipitate  was  car- 
bonate of  lime.   To  prove  if  the  difference  between  my  result 
and  that  of  Mr.  Porrett  could  be  caused  by  a  bad  arrangement  oF 
my  apparatus,  I  repeated  the  analysis  of  the  cyanuret  of  mercniy 
in  the  same  manner  ;  I  obtained  from  it  precisely  two  YoIumesoF 
carbonic  acid  gas  for  one  volume  of  azote  ;  arid  on  decomposing^ 
another  portion  of  cyanuret  of  mercury  by  sulphuretted  hydrogea 
gas,  in  a  weighed  glass  bulb,  I  obtained  sulphuret  of  mercury, 
whose  weight  was  to  that  of  the  cyanuret  of  mercury,  preciseiy 
as  the  weight  of  an  atom  of  cinnabar,  is  to  the  weight  ot  as  aion» 
of  cyanuret  of  mercury. 

'  This  accordance  with  the  results  obtained  by  M.  Gay-Lnssac^ 
satisfied  me  that  the  difference  between  my  results,  and  those  of" 
Messrs.  Porrett  and  Thomson  cannot  be  attributed  to  my  appa- 
ratus being  less  suited  to  the  purpose. 

I  next  repeated  the  same  analysis  with  the  ferruginous  pnxs- 
siate  of  baiytes,  previously  dried  at  a  strong  heat.  It  ^ave 
traces  of  moisture  in  the  tube  which  conducted  the  gases  nrto- 
tibe  receiver,  although  its  quantity  was  not  great:  Id'^Him^of 
ibe  salt  employed  gaire  0*026  of  a  grain  of  water,  ptecis^  thes 
^mmtily  wanting,  in  the  analysis  mentioned  above,  tomkm  iiket 
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•sysen  of  the  water  of  crysiallisation  amount  ta  six  tiaies  thit 
ef  tae  protoxide  of  iron^  presupposed  in  the  salt,  instead  ef 
live  times  and  a  half.  The  volume  of  the  carbomc  acid  gas 

ebtaiped  in  this  experiment  was  again  to  that  of  the  azote,  as 

3:2,  ajid  the  wiioie  of  the  carbonic  acid  obtained  weighed  6*25 

]No  conclubion  can  be  drawn  from  these  experiments  before 
liie  (quantity  of  carbomc  acid  retained  by  the  base  is  determined. 
If  the  azote  and  the  carbon  in  these  salts  be  in  the  same  piopoN 
'  tion  as  in  cyanogen,  one-third  of  the  cjuantily  obtained,  or  one* 
fourth  of  llie  whole  of  the  carbonic  acid,  is  wanting.  Bntif,  on 
the  contrary,  the  base  remainmg  m  tiie  calcined  mass  be  in  the 
state  of  common  carbonate,  the  volume  of  carbouio  acid  is  to 
that  of  the  azote  as  2^  ;  1. 


Articu  XV« 

Analyses  of  Boovs. 

9 

A  Ckti'Bffical  and  Medical  Repsn-t  of  the  Pwpertiu  of  the 
tol  Waten     Buxton,  Mathek,  Tunbridge  Wetie^  Harrmttii 
Bath,  Cheltenham,  Leamington,  Malvern,  and  the  Ideof 
By  Chailts  Soodamorey  MD.  Meaner  of  the .  Ro]ral  Colkge 
of  Physicians^  &c«  £cc. 

IW'iio^iDg  this  work,  I  shall,  of  coorsey  confine  my  observir 
lions  *  tAh  the  Chemical  part  of  it^  and  I  shaU  admit  as  proved^ 
ndthoixt  nuhing  any  inquiry,  or  expressing  any  doubt,  that  theil 
medicinal  qualities  render  these  waters  worthy  of  bem^  dratds f 

and  there  then  can  be  no  hesitation  as  to  the  importance 
perfect  knowledge  of  their  chemical  constitution,  whether  it 

may  or  may  not  enalde  us  to  account,  fcu'  the  beneticial  effects 
which  every  day  s  experience  would  lead  u&  to  btiieve  thai  they 
produce. 

The  analysis  of  the  Buxton  water  appears  to  call  for  a  few 
observations^  I  think  the  method  tmi-loyed  to  determine 
the  presence  of  maornesia  anibiauou*.  and  the  means  u&ed  tO; 
ascertain  the  quantity  of  mas^nesian  salt  rath(  r  tedious,  ihe 
plan  adopted  by  Dr.  Scudamore  for  ascertaining  the  presence  of 
magnesia  was  that  proposed  hv  Dr.  Wollaston,  of  first  adding 
carbonate  of  ammonia,  and  tlien  phosphate  of  soda  to  the  watef. 
Kow  I  have  ibund  that  the  salt  usually  called  carbonate  of  ara- 
sooma,  and  which  is^  in  fact^  a  sesquicarbonate,  always  ]K)Ida> 
some  carbonate  of  lime  in  solution  ;  and  this  is  particularly  hke\f 
tO'OCfiiic  wheacarboMle  oi  Jimis  e»ftt»  in  ft  miimal  wattfs 
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that  the  addition  of  phosphate  of  soda  may  throw  down  phos» 
j^ate  of  hme,  as  well  as  the  phosphate  of  ammonia  and  magnesia^ 
Whether  any  difficulty  occurred  to  Dr.  Scudamore  on  thi?  ac* 
count  in  determining  the  quantity  of  magnesia,  he  does  not 
mention,  but  1  think  it  probable;  for  the  method  by  whicli  he 
deterrnnied  the  quantity  of  magnesia  was  that  of  decomposing 
the  munate  obtained  from  the  alcoholic  solution,  by  means  of 
carbonate  of  soda,  then  adding  sulphuric  acid  to  the  carbonat# 
t{  magnesia,  suffering  the  sulphate  of  magnesia  to  crystallize  b|r 
slow  evaporation^  and  again  decomposing  the  sulphate  by  car« 
4)onate  of  soda,  and  decomposing  the  carbonate  oi  magnesia,  bj 
heat,  and  then  calculating  the  q^uantity  of  muriate  ofmagnesiil 
vhich  it  would  yield. 

Vrom  some  late  experiments  I  am  induced  to  believe 
ftat  lime  water  is  not  only  the  best  test  (with  certain  precaiw 
tions)^  but  abo  the  most  eligible  substance  for  obtaining  the 
magnesia  from  a  mineral  water.  .  ; 

Supposing  no  alkaline  carbonate  nor  any  alumina  to  exist  in 
a  water,  and  that  the  oxide  of  iron  has  been  sepaiat;  d, 
water  will  discover  aa  extremely  minute  portion  of  magiicsia, 
when  the  saline  contents  of  the  watei  have  been  obtained 
by  evaporation  and  redissolved  in  distilled  water :  Tiius,  1  find 
that  the  twelfth  part  of  a  grain  of  magnesia,  and  even  a  muck 
smaller  quantity,  may  be  readily  shown  to  exist  in  a  pint  of 
water,  and  is  easily  precipitated  from  combination  with  an  acid 
by  lime  water.  The  only  inconvenience  to  be  avoided,  is  the 
possibiUty  that  the  excess  of  hme  water  used,  may  deposit 
carbonate,  if  the  air  be  not  oarefuUy  excluded  duhog  the  filtering 
sad  washing  of  the  precipitate. 

It  i»,  however,  but  due  to  Dr.  Scudamore  to  state  that  I  have 
feund  magnesia  actually  existing  in  this  water,  but  which  I  did 
not  believe  to  be  the  case  until  I  read  his  work,  and  even  wheo^ 
I  had;  I  doubted  as  to  the  accuracy  of  his  statement   My  sus* 
pieions  of  the  DoCtor^s  inaccuracy  were  indeed  stren^hened  by 
an  expernnent  which  he  relates,  and  which  I  had  tned  with  sh 
milar  results,  viz.  that  lime  water  occasions  no  precipitate,  in 
Baxton  water  which  had  been  boiled  :  this  experiment  induce^ 
tte  to  believe  that  the  water  contained  no  magnesia;  but,  on 
^poraling  a  portion  to  dryness,  and  redissolving  tlic  saline  re-* 
•iduuiu  in  wat^r,  a  precipitate  of  magnesia  actually  occurred.  It  . 
will  not  be  surprisinii;  that  lime  water  did  not  indicate  the  mag-' 
nesia  in  the  water  without  concentration,  when  it  is  stated  that 
the  whole  quantity  which  a  gallon  contains  amounts  tu  only, 
about  O-lfj  of  a  o;rain.    I  have  considered  this  part  of  the  sul>- 
ject  merely  with  a  view  of  determining  the  best  methods  of 
detecting  the   presence  of  magnesia  ;  for  I  will  hazard  the 
opinion,  .that  in  a  medicinal  point  of  view,  the  0*1.6  of  a  gram 
of  magnesia,  hofwever  combined,  cannot  possess  any  very  ex- 
^^itttve  influence  when  dissolved  in  a  gallon  df  water.  The 
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weight  of  fhe  saline  contents  of  a  galioa  ef  Buxton 
ninter  amounts  to  fifteen  grains ;  my  experiments  make  it  isr 
tfier  less ;  but  I  am '  incOned  to  think  that  Dn  ScudamoR 
lias  stated  the  chemical  analysis  of  this  water  with  great  acr 


In  the  analysis  of  the  Tanbridge  waters,  I  think  Dr*  Scudamoie 
lias  been  ladier  profuse  in  the  application  of  the  tests  to  indicate 
the  presence  of  iron :  thus,  after  observing  an  evident  ocheiy 

deposite,  the  unequivocal  action  of  tincture  of  galls,  we  have 
the  conhiminLT  evidence  of  pi  iissiate  of  potash,  and  sulphuretted 
.hydrogen,  which  are  a^  ain  rendered  doubly  sure  by  the  infusiott 
of  tea  and  coiiee,  whilst  with  cocoa  or  chocolrite  no  action  ap- 
pears. Now  with  all  deference,  I  submit,  that  these  last  ob- 
servations might  have  been  spared,  as  they  serve  merely  to  com- 
plicate the  subject,  and  are  de  \  lud  of  any  particular  interest, 
fori  have  never  heard  of  the  appUcatioii  oi  iunbndge  water  in 
preparing  food. 

The  quantity  of  oxide  of  iron,  obtained  from  Tunbridge  water, 
'Dr.  Scudamore  states  to  be  2*22  grams ;  it  is  not,  perhaps,  a 
matter  of  much  importance,  but  I  may  observe  that  this  quan- 
tity of  iron  is  rather  over-rated,  for  it  was  weighed  in  the  state 
of  peroxide,  but  ought  to  have  been  reduced  to  that  of  protoxide, 
in  which  iron  always  exists  in  mineral  waters ;  this  will  make 
'4he  quantity  of  oxide  about  1*99  grain. 

The  analysis  I  shall  next  notice  la  that  which  Dr.  Scudamore 
has  given  of  the  Bath  water :  this  water  1  analyzed  about  seven- 
teen years  since ;  and^  as  well  as  every  preceding  and  foUowing 
4umlystp  I  failed  to  ascertain  the  presence  of  magnesia^  noir 
^lown  to  exist  itk  the  Bath  water  by  Dr.  Scudamore ;  my  error 
«i08e  from  employing  Ammonia,  on  the  supposition,  which  I  did 
not  then  know  to  be  erroneous,  that  this  alkali  would  throw 
down  minute  quantities  of  magnesia.  I  have,  by  employing 
Xme  water  in  the  mode  already  pointed  out,  ascertained  the 
correctness  of  this  author's  statement.  It  appears  that  a  pint 
of  the  water  contains,  however,  only  about  1-6  grain  of  munate 
of  magnesia. 

In  other  respects  there  is  no  very  material  difference  betweea 
Dr.  S.*8  analysis  and  mine ;  but  I  may  observe  that  he  committed 
a  slight  error  in  supposing  me  to  have  stated,  that  iron  cannot  be 
detected  in  the  Bath  water  aflter  it  has  cooled ;  what  I  have 
shown  is,  that  if  cooled  without  the  presence  of  oxygen  orat- 
iiiosplieric  air,  it  retains  its  property  of  being  acted  upon  hy 
tiiictiirc  c  1  galls  and  showing  tne  presence  of  iron  ;  it  is,  mdeed, 
upon  this  ciiCQinstance,  that  the  peculiarity  of  the  Bath  water, 
as  far  as  regards  its  chalybeate  iuipreenation,  depends. 

The  only  remaining  analysis  which!  shall  notice  is  that  oi  th^ 
Malvern  water ;  some  discussion  has  arisen  between  Dr.  Philips 
who  formerly  analyzed  this  water,  and  the  author  of  the  present 
mod^9  as  to  whether  this  water  contained  an^  uoa*  Operating 
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in  the  usual  Way,  I  should  certainly  coincide  with  Dn  Scudi^ 
more,  for  it  appears  to  me  that  neither  tincture  of  j^b,  nor 
prussiate  of  potash,  produces  any  appearance  of  iron,  uke  qnes^ 
tion  has,  however,  been  set  at  rest  by  Mr.  Children,  who  nndir 
that,  by  evaporating  the  water,  a  veiy  minute  portion  of  iron  is 
discoverable  by  prussiate  of  potash;  hut  whetner  that  quantity  • 
of  iron,  which  cannot  be  detected  by  the  common  means,  is 
fikely  to  be  useful  in  medicine  is  not  for  me  to  determine,  but  I 
may,  perhaps,  be  allowed  to  question  it.  The  quantity  of  iron 
contained  in  a  gallon  of  Malvern  water,  according  to  Mr.  Chil- 
•dren's  experiments,  scarcely  exceeds  one  seventieth  of  a  grain. 

Some  dilierence  of  opinion  also  exists  between  Drs.  Scuda- 
more and  Philip  as  to  the  existence  of  carbonate  of  soda  in  it. 
I  evaporated  a  portion  both  from  Holywell,  and  St.  Anne^s  Weil^ 
to  about  1-30  of  its  ori2:inal  volume,  but  I  cotild  not  discover, 
the  slightest  trace  of  any  alkali.   It  appcajs^  tliereforr,  to  me 
that  Dr.  Scudamore's  statement  is  correct.    In  closing  my  ob- 
servations upon  this  work,  I  wish  to  state  that  I  cannot  admits 
with  Dr.  Scudamore,  the  position  laid  down  by  the  late  Dr. 
Murray,  that  when  certain  acids  and  alkaline  bases  are  mixed 
together  in  solution,  Buch  salts  are  most  Ukeiy  to  be  formed  as 
are  most  soluble  in  water.   If  I  put  together  certain  c;[uuntities^ 
of  sulphate  of  soda,  and  muriate  of  Ume,  precipitation  take* 
place,  because  sulphate  of  lime  is  formed ;  but  is  it  likely  that^ 
as  this  theory  supposes,  the  whole  of  the  sulphate  of  lime  lormed 
is  thrown  down?  Indeed,  if  I  understand  Dr.  Murray's  position, 
.  it  amounts  to  this — that  supposing  I  mix  together  sufficieixfc 
'«[uantities  of  muriate  of  lime  and  sulphate  of  soda,  to  form  one 
hundred  juu  Lb  of  sulphate  uf  lime,  that  sulphate  of  lime  will  only 
be  foriiied  if  there  be  not  water  enough  to  hold  it  in  solution  j 
but  this  would  seem  like  attributing  the  property  of  lusolubility 
to  a  compound  before  its  formation. 

It  has,  indeed,  been  attempted  to  strengthen  this  statement 
by  arguing  from  the  effectn  which  certain  mineral  waters  pro- 
duce, or  are  supposed  to  prod4ice,  and  which,  according  to  com-  ^ 
mon  views,  contain  only  sulphate  of  lime  and  muriate  of  soda  j 
these  waters  are  imagined  to  owe  their  good  efiects  to  con- 
taining not  sulphate^  but  muriate  of  lime.  It  would,  however,- 1 
think,  require  numerous  experiments  to  prove  that  the  same 
quantity  of  Ume  is  more  active  as  a  medicine  when  combined 
with  muriatic  than  sulphuric  acid>  when  exhibited  in  ec[ual 
quantities.  •  I  do  not  qeny,  but  I  question  the  fact ;  and  if  iib 
should  be  proved,*  it  may,  aS  fiur  as  1  am  competent  to  give  aa 
opinion,  be  derived  from  the  muriatic  acid  as  trom  the  Ume. 

1  have  not,  in  examining  this  work  hitherto,  expressed  any 
decided  opinion  as  to  its  merits;  but  1  may  add,  that  the  chemical 
part  of  it  appears  to  have  been  conducted  with  ability;  and 
tf  the  medical  applications  of  the  w  aters,  have  been  as  ably  given 
as  the  ehemical  history,  (of  which  1  entcirtuin  no  doubt,)  the 
work  must  prove  useful  both  to  the  chemist  and  ph^^jiioian. 
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Article  XVI. 

ProceeiHngs  of  Philosophical  Societiet* 

ROYAL  SOCIETY. 

I 

March  8. — On  the  Leno^th  of  the  Second's  Peuduiuui  ia 
^rent  Latitudes,  by  Capt.  Sabine, 

March  15. — Observations  on  Na|)llKilii!,  by  Dr.  KirkL 

March  21. — On  the  Papyri  of  Herculaiieum,  by  Sir  ii.  Davy. 

At  the  same  meeting  two  other  papers  were  read,  viz.  On  the 
^  '    Aberration  of  compound  Lenses,  by  Mr.  Heiftchel  i  and  Oa  the 
Skeleton  of  the  Dugong,  by  Sir  E.  Home. 

An  account  of  the  contents  of  the  above  papers  will  be  givm 
ia  the  next  number. 

GEOLOGICAL  SOCIETY. 

Jdn.  14.— The  Catalogue  Raisonn^e  of  the  Collection  of  Sms» 
)EUicka,  tent  by  M.  Lardi,  was  fead. 

.  The  great  valley  comprehended  between  Mount  Jura  and  the 
Alps,  and  which  forms  the  lowest  part  of  Switzerland,  is  com* 
posed  partl}r  of  an  alluvium,  and  partly  of  a  sandstone  and  pud* 
«ingstone,  in  Switzerland,  called  I4agelflue,  which  signifies 
litendly  nail-head-rock.  The  alluvium  consists  of  insulated 
masses  of  primitive  rocks,  rolled  pebbles,  and  debris,  from  the 
surrounding  mountains  ;  in  this  are  also  beds  of  clay. 

Tlie  nagtUiuu  may  be  divided  mtu  two  parts;  liic  molasse 
and  the  nagelfiue,  properly  so  caikd.  The  first  is  a  baiKUtone 
used  for  budding  in  that  country  ;  it  is  disposed  in  horizontal 
'  beds  alternatinof  with  beds  of  uiarle,  which  sometimes  contain 
marine  shells  and  veins  cf  fibrous  gypsuiu  :  the  lower  part  has 
beds  of  fetid  bituminous  limestone  witli  freshwater  shells,  and 
thin  layers  of  coal. 

The  nageldue  consists  of  a  conglomerate  of  rounded  pebbles 
of  limestone  united  bv  a  cement  of  the  same  nature ;  it  forms  a 
mass  of  30  or  40  feet  in  thickness,  and  contains  also  beds  of 
marie,  and,  occasionally,  of  coal.  This  appears  to  rest  upon  the 
calcareous  rocks  of  the  Alps. 

The  greatest  part  of  Mount  Jura  consists  of  calcareot»  rock» 
which  is  mually  compact,  and  of  a  yellowish  colour ;  some  of  the 
beds  are  oolite.  It  incloses  numerous  marine  shells.  The  beds 
«f  Jura  dip  on  both  sides  of  the  chain.  There  is  found  here  also 
a  formation  of  clay  ironstone,  which  extends  nearly  all  the  length 
of  the  J ura,  and  which  suf^^a  many  fonndries. 

The  Alpine  limestone  is  consideffed  as  a  transition  formatioa; 
it  is  pf  a'oompaot  texture,  of  m  greyish  colour,  and  frequentlY 
costftios  aodules  of  flint*  It  rests  oa  another  limestone  wbiak 
ullemates  with  slate. 

,  13ie  taUfcmBs  district  of  BtK  has  heen  weadjeioribedty  M> 
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Charpentier.  It  belongs  to  the  taransition  formation,  and  rests 
at  Lavey  on  primitive  rocks.  It  is  composed  chiefly  of  a  lime- 
stone,  of  w  hich  we  distinguish  two  varieties  ;  one  is  compact  and 
oolitic,  sometimes  containing  much  silex;  the  other  as  an  argil- 
laceous limestone.  It  is  in  tl»e  last  that  the  gypsum  of  the 
environs  of  Bex  is  situated.  This  gypsum  is  generally  in  the 
state  of  anhydrate,  and  presents  several  variehes.  It  is  usually 
impregnated  with  muriate  of  soda,  and  sometimes  contains  beds 
of  hydrous  gypsum  in  the  state  of  selenite  ;  the  fine  crystals  of 
which,  from  this  place,  are  very  celebrated.  Native  sulphur  ai 
also  found*  The  beds  subordinate  to  the  gypaom  are  argHhfc 
ceous  limestone  and  slate  clay. 

Between  Mordes  and  Lav^  commenoes  a  transition  fqmah 
tibn,  consistiDg  of  felspathic  rocks,  clay  slate,  and  breccias,  or 
middingstone.  This  country  is  little  known.  Nearly  the  whole 
length  of  the  Valais,  a  fornaatioii  pf  clay  slate  extends::  it  casb- 
taina  also  beds  of  limeatone,  of  gypsum,  and  of  q«iwtE. 

Above  Oberawald  are  found  rocka  of  goeiaa,  mica  elate,  ekqr 
aUte,  dolomite,  and  gypsum,  Theaeconstitote  the  mountanaaof 
the  Fourche  of  St.  Uotfaard,  and  the  auperior  part  of  the  valley 
of  the  Teaain. 

At  1^0  di  Lugano,  a  Uac]dah«-biown  porphyry  is  met  widi^ 
eonsiating  of  homatODe  with  emidl  ciystak  of  while  fdspar.  * 

ASTRONOMICAL  SOCIBTY  OF  LONDON. 

At  the  commencement  of  the  last  year  this  interesting  and 
important  Society  was  founded.  AHliough,  at  that  time,  we 
omitted  the  tixpressiun  of  our  L(riitification  on  account  of  its  forma- 
tion, and  even  net^lected  to  announce  it,  vet  we  fully  ijarticipated 
with  the  cultivators  of  the  science  of  astronomy  in  their  enthusias- 
tic expectations  of  the  decided  and  powerful  intiaence  of  this  as- 
sociation upon  its  future  progress.  Indeed  it  had  always  appeared 
to  us  to  be  somewhat  extraordinary,  that  while  chemistry, 
geologv,  and  several  branches  of  natural  history,  were  promoted 
and  extended  by  associated  bodies,  a  science,  which,  from  the 
vastness  of  its  objects,  and  the  extent  and  difhcuity  of  its  obser- 
vations and  investigatioiia,  demanda  in  the  highest  degree,  the 
powerful  aid  of  this  concentratiOQ  ^  intellect,  should  ao  lomg 
nave  been  left  to  reiy  for  its  advancement  on  the  labours  of  insu- 
lated and  independent  individuab.  That  thia  desideratum  for 
^atroBomy  wiU  now  be  effectaatty  supplied,  cannot  be  doubted  by 
those  who  have  |wraied  an  exposition  of  the  views  and  obieola 
<>f  the  Society,  in  an  address  ciraillated  prior  to  their  first  meet- 
ing} at^dia  liat  of  Mmben  affixed  to  Ae  report  nresented  by  the 
Cmncnl  tb  ike  first  annual  general  atieeting.  Although  the  laait^ 
boldly  piedifit,  Aat  the  Aatranonkal  Society  wilTttot  be  tba 

in  the  camr  cf  odily  and  tee. 
Without  entering  too  much  into  detH],  ^  may,  hj«n  exiroet 
fc>»  ihe  ^diMtiMb  •ddraHi  hrfaaa  dhfcd  io,  aafficitiiay 


Digitized  by  Google 


314  Proeeedkigt  of  FkikmpkicBl  SocieikB.  [Afbii^ 

•  the  enlarged  views  and  liberal  feelings  of  the  promoters  of  this 
design.       One  of  the  hrst  great  steps  towards  an  accurate 
knowledge  of  the  construction  of  the  heavens,  is  an  acquaintance 
with  the  individual  objects  they  present :  in  other  words,  the 
formation  of  a  complete  catalogue  of  stars,  and  of  other  bodies, 
tipon  a  scale  infinitely  more  extensive  than  any  that  has  yet  been 
iindertaken;  and  that  shall  comprehend  the  most  minute  objects 
visible  m  good  astronomical  teh; scopes.    To  form  such  a  cata- 
logue, however,  is  an  undertaknig  of  such  overwhelming  labour 
as  to  defy  the  utmost  exertions  of  individual  industry.    It  is  a 
task  winch,  to  be  accomplished,  must  be  divided  among  num- 
bers ;  but  so  divided  as  to  preserve  a  perfect  unity  of  design,  and 
.  prevent  the  loss  of  labour  which  must  result  from  several  obser- 
ym  working  at  once  on  the  same  region,  while  others  are  left 
finezamtned.   The  intended  foundation  of  an  observatory  at  the 
southern  eztiemity  of  Africa,  under  the  auspices  of  the  Admi- 
ralty, may  serve  to  show  the  general  sense  entertained  of  tJie 
importance  of  this  subject,  and  the  necessity  of  giving  every 
possible  perfection  to  our  catalogue  of  the  fixed  stars.  Deeply 
impressed  also  with  the  importance  of  this  task,  and  faUy  aware 
of  its  difficulty,  the  Astronomical  Society  mi^ht  call  upon  the 
4>bservers  of  Eui^e  and  ol  the  world  to  lend  their  aid  in  its  prose* 
eution.   Should  similar  institutions  be  formed  in  other  countries; 
the  Astronomical  Society  (rejecting  all  views  but  that  of  benefit- 
ing science)  would  be  ready  and  desirous  to  divide  at  once  the 
labour  and  the  glory  of  this  Herculean  attempt,  and  to  act  in 
•concert  together  in  such  manner  as  should  be  judged  mostccHH 
-ducive  to  &e  end  in  view*''  The  following  summaiy  with  whksh 
the  address  concludes,  may  be  quoted  in  order  to  convey  at  once 
A  distinct  representation  of  the  purposes  of  this  Society.    "  The 
ob|ects  of  the  original  members  may  be  suthciently  gathered 
fiom  what  has  been  already  said,  and  nvav  be  thus  summed  up 
in  few  words ;  viz.  to  encourage  and  promote  their  peculiar 
science  by  every  means  in  their  power,  but  especially — by  collect- 
ing, reducing,  and  publishino ,  useful  observations  and  tables— 
by  settincr  on  foot  a  minute  and  systematic  examination  of  the 
iieavens — ^by  encoura2:ing  a  general  spirit  of  inquiry  in  practical 
astronomy — by  establishing  communications  with  foreign  obser- 
vers— by  circulatmg  notices  of  all  remarkable  phenonn  na  about 
to  happen,  and  of  discoveries  as  they  arise — by  compamig  the 
merits  of  different  artists  eminent  in  the  construction  of  astrono- 
mical instruments — by  proposmg  prizes  for  the  improvement  of 
particular  departments,  and  bestowing  medals  and  rewards  for 
successful  research  in  all;— and,  finally,  by  acting  as  far  as  pos-  > 
^jible,  in  concert  with  every  institution,  both  in  England  and 
abroad,  whose  objects  have  any  thing  in  common  with  their 
own ;  but  avoiding  all  interference  with  the  objects  and  interests 
of  established  scientific  bodies/^ 
On  the  ninth  of  Februaiy,  the  fiist  ammal  general  meetbgof 
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t.lie  Society  was  held ;  and  the  foUowing  geademea  were  elected  . 
olEcers  for  the  year  enauing ;  viz.  ^ 

Fresident.—^iT  W.  Herschel,  LLD.  FRS. 
VicC'Fresidents.^n.  T.  Colebrooke,  Escr.  FRS.  &  LS. 

S.  Groombridge,  Esq.  FRS. 
D;  Moore,  Esq.  FRS.  SA.  &LS. 
J.  Pond,  Esq.  Astronomer  Royal,  FRS, 
Treasurer, — Rev.  W.  Pearson,  LLD.  FRS. 
Secretaries.— C,  "Babba^e,  Esq.  MA.  FRS.  L  &  E. 

F.  Bailv,  Esq.  FRS.  &  LS. 
J.  F.  \V,  Herschel,  Esq.  MA.  FRS.  L  &  E. 
(Foreign.) 

C<w»ct7.— Capt.  T.  Colby  Roy.  Eng.  LLD.  FRS.  L  8c  E. 

Sir  H.  C.  Englefield,  Bart  FRS.  L  8c  E.FSA.&LS. 
Davies  Gilbert,  Esq.  VPRS.  and  FLS. 

B.  Gomperte,  Esq.  FRS. 
O.  G.  Gregory,  LLD. 

J.  Rennie,  Esq.  FRS.  L.  &  SE.  A  &  LS. 
J.  South,  Esq.  FRS. 
E.  Troughton,  Esq.  FRS. 
Trustees.^A*  Baily,  Esq. 

D.  Moore,  Esq.  FRS.  SA.  &  LS. 

C.  Stokes,  Esq.  FRS.  SA.  8c  LS. 
The  Treasurer  for  the  time  being. 

To  this  meeting  an  elegant  and  elaborate  report  was  presrated 
by  the  Council,  which,  having  been  adopted  by  the  Society,  was 
ordered  to  be  printed.   After  congratulating  the  menabm  on 
the  Buecess  which  has  attended  the  first  attempt  to  establish  a 
Society  for  the  promotion  of  so  important  a  branch  of  science  as 
astronomy,  and  stating  ttiat  the  efforts  of  its  fonaders  have  been 
-crowned  with  an  accession  of*  strength  far  beyond  their  most 
sanguine  expectations,  the  Council  proceeds  to  announce  a  plan  ' 
of  (listnbutiiig  medals,  as  an  honorary  revviird,  to  such  per- 
sons as  may  distinguish  themselves  by  any  material  discovery, 
or  improvement,  in  the  science.  The  following  extract  will  exhi- 
bit some  of  the  subjects  selected  for  the  application  of  these 
stimulating  rewards.       In  the  first  place,  it  is  proposed  to 
bestow  the  medal  fur  the  discovery  of  any  new  planet,  satellite, 
or  comet ;  or  for  the  rediscovery  of  any  old  comet,  or  of  any  stars 
that  have  disappeared.    Considering  also  the  great  importance 
^both  in  a  nautical  and  geographic^  point  of  view)  of  bavins 
accurate  observations  of  the  eclipses  of  Jupiter's  satellites,  and 
of  occultations  of  stars  by  the  moon,  they  think  that  the  medal 
should  be  given  for  any  considerable  collection,  not  only  of  ori- 
ginal observations  of  this  kind,  but  also  of  well  authenticated  re- 
corded observations,  reduced  to  the  mean  time  of  the  meridian  of 
some  well  known  observatory.  Observations  likewise  on  the  posi- 
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tioQS  of  the  fixed  stars,  tending^  either  to  the  enlargement  and  per- 
fection of  our  present  catalogiKJS,  or  to  the  more  accdrafte  detennt- 
nation  of  the  variable  onea  in  &iz9f  eolour,  orsituatioa  ;  n»  well  as  ! 
observations  on  double  stars^  tending  in  like  manner  not  only  to 
the  enlargement  and  perfection  of  the  present  catalogues,  but  also 
to  the  determination  of  their  angular  distance  and  of  their  angle  of  I 
position ;  together  with  observations  on  nebulse, — appear  proper 
subjects  of  such  reward.  To  these  may  be  adcUd^  oDservattons 
on  refraction,  with  a  view  to  the  more  perfect  tibeory  of  that  i 
phenomenon,  particularly  at  low  altitudes  where  irregularities 
take  place,  when  little  or  no  variation  has  taken  place  in  the 
Ibarometer  or  thermometer ;  observations  on  the  tides^  particu- 
larly  in  situations  where  the  current  is  not  influenced  by  any 
contiguous  continent;  obseivalions  tendng  to  delermiiie  the 
true  figure  of  the  sun,  or  of  the  earth  ;  and,  in  short,  any  obser- 
vations which  may  be  considered  likely  to  advance  and  improve 
the  science." 

Having  mentioned  several  oilier  subjects,  such  as  the  reduc- 
tion of  observations  when  made  ;  the  Idrmation  of  various  new 
tables,  and  the  improvement  of  others  ;  the  comparison  of  the 
places  of  the  planets;  the  examination  of  the  recorded  observa- 
tions of  preceding  astronomers ;  and  every  improvement  of  ^ 
instruments  which  may  tend  materially  to  advance  the  science,  ] 
for  which  the  Society's  medals  will  be  bestowed,  the  Council 
proceeds  to  recommend  the  proposal  of  the  gold  medal,  and 
tw^:ity  guineas  for  the  solution  of  the  following  question ;  a  qaes* 
tion  requiring  the  sjmtfaetrc  appltcsftion  of  tne  Kewtonian  doo- 
trinea,  togetl^  with  the.highest  refinements  of  modem  analysis; 

For  the  best  paper  on  the  theory  of  the  motions  and  pertur- 
bations of  the  satellites  of  Saturn.   The  investigation  to  be  so  ' 
conducted  as  to  take  expressly  into  consideration  the  influenoe 
of  the  rings,  and  the  figure  of  the  planet  as  modified  by  ths  | 
attraction  ot  tlic  rings,  on  the  motions  of  the  satellites  :  to  furnisli 
fomiulag  adapted  to  the  determination  of  the  elements  of  their  j 
orbits,  and  the  constant  coetiicients  of  their  p(  riodical  and  secu- 
lar equations,  from  observation  :  likewise  to  ponii  out  the  obser-  , 
vations  best  adapted  to  lead  to  a  knowledge  of  such  determination. 
The  papers  to  be  sent  to  the  Society  on  or  before  the  first  day  of 
February,  1823." 

The  Council,  however,  while  thus  taking  advantage  of  tbe 
stimulus  to  inquiry  which  medals  and  prizes  produce,  have  esta- 
liiifiliedj  in  the  following  impressive  sentences,  their  claim  to  the 
^ssessioB  of  a  iuli  sense  of  the  magnificence  of  their  seiencei 
land  the  comparative  insignificance  of  their  rewards  :  ''It  Wf 
indeed  appear  extraordinary  that  no  mention  should  yet  haffe 
lieen  made  of  the  ^reatdeeideMa  of  astronomy;  those  questtoos 
wkscia  have  exercised  the  curiosity  aad  employed  tbe  rimeaei 
«tteBtkm<of  aatsoDoniefe,  ever  aiace  tho'Seieiiee  has  esanmed  iti 
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pf8$€fat«liMradtfti«--«idi  as  Ihe  parallax  of  the  fixed  stam,  their 
pvupet  iMlioii,  the  molifHi  or  ml  of  oar  own  systeaof^  aiid  iii 


whom  discoveries  of  this  dadd  are  reserved^  soars  &r  beyOnd  ixxf 
distinction  which  this  Society  can  bestow :  the  applause  of  1^ 
liuman  race  attends  his  labours ;  and  no  additional  stimtdoa  can 
he  offered  to  those  by  which  he  is  impelled." 

In  consequence  of  a  communication  from  Captain  Basil  11  all, 
expressing  his  itjadiness  to  attend  to  any  instrucLious  on  subjects 
wherein  he  might  be  of  service  to  the  science  of  astronomy  in  his 
intended  voyage  to  the  South  Seas,  the  Council  have  delineated 
with  great  minuteness  and  ingenuity,  their  wishes  in  regard  to 
his  undertaking.  The  formation  of  an  Astronomical  Library,  one^ 
of  the  objects  of  the  Society,  is  tlien  noticed;  and  (he  donations 
by  the  East  India  Company  of  many  valuable  papers  on  astrono- 
mical subjects,  and  of  a  series  of  observations  made  at  the 
Observatory  at  Madras,  are  acknowledged.   The  alteration  of 
several  of  the  regulations}  the  appointment  of  Committiees 
for  various  purposes;  the  notice  ot  the  discussion  of  a  plailf 
for  examining  the  heavene  in  minute  detail;  and  the  state- 
meat  of  the  constant  accession  and  unqualified  approbation  of 
continental  tiatiooomers^  constitute  the  remaining  topics  of  tlw 
i^art;  whidi  thus  oonchides:     On  the  whole,  tne  Conacil 
cannot  view  this  new  impulse  which  appears  to  have  been  given 
to  sistronqmy  in  all  parts  of  the  worlds  without  anticipating  the 
most  beneficial  results  to  the  science.   The  establishment  of 
several  new  Observatories  on  the  continent  of  Europe  (one  of 
theui  above  the  sixtieth  degree  of  north  latitude)  under  the 
direction  of  men  eminent  m  science,  and  vieinor  with  each  other 
in  the  most  honourable  branch  of  emulntion — the  rising  efibits 
of  our  countrymen  in  tlie  East  Indies — the  zeal  of  our  brethren 
9»  the  American  continent — the  foundation  of  a  public  Observa- 
tory at  Cambridge,  and  auotliei  at  the  Cape  of  Good  Hope  (both 
so  honourable  to  our  own  country  ) — must  ensure  the  good  wishes 


•  Am  Analogical  Inquiry  into  the  probable  Results  of  the  Influence  ot 
F«ctitiouB  Eruptions  in  Hydrophobia,  Tetanus,  Non-Exanthematous/ 
and  other  Diieaaes  incidental  to  the  Human  Body,  illustrated  by  Cas^* 
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New  Pisitnii, 


[April, 


Dr.  Clark  Abel  is  preparing  a  Translation  from  the  German  of  BIu- 
menbach  s  Elements  of  Natm'al  History*  compreheuding  considerable 
Additions. 

Observations  on  some  of  the  General  Principles,  and  on  the  I*arti— 
cukr  Nature  and  Treatment,  of  the  different  Speqies  of  Inflammation  ; 
by  J.  H.  James,  Surgeon  to  the  Devon  and  Exetar  HospitatSy  -ftc 

An  Essay  on  Resuscitation,  with  a  Representation  and  Description 
of  an  improved  Apparatus.  By  T.  J*  Armifferi  Surgeon. 
'  Thomas  Hare,  FLS.  &c.  intends  to  publish  a  View  of  the  Structure 
T^aictionSy  and  Disorders  of  the  Stomach,'  and  Alimentary  Organs  of" 
the  Human  Body,  with  Physiological  Observations  and  Remarks  upon 
tfieQualkksandEiiscts  of  Food,  and  fermented  Liquors. 

jraiT  FVB(.i»aEp. 

IVactical  Observations  on  those  Disorders  of  the  Liver,  and  other 
Organs  of  Digestion,  which  produce  the  several  Forma  and  Varieties 
gf  the  Bilious  Complaint,  x^ew  and  enlarged  Edition. '  By  Josepli 
Ayre,  MD.    Hs.  6d.  bds. 

Observations  on  Syphilis.    By  John  Bacot.    8vo.  5^. 
A  Treatise  on  the  iipidemic  Cholera  of  India.   By  James  Boyle* 
Svo.  5s. 

A  Treatise  on  the  Medical  Powers  of  the  Nitromuriatic  Acid  Bath 
in  various  Diseases,  with  Cases.  By  Walter  Dunlop,  burgeon.  8\  o.  ^s^ 
'  Illustrations  of  British  Ornithology.  By  P.  J.  Selby,  Esq.  Member 
of  the  Wemerian  Natural  Histor}'  Society  at  Edinburgh.  First  Series, 
Land  Birds,  No.  I.    Elephant  folio,  1/.  1  l.v.  6d.  coloured  61. 5s. 

Elementary  Illustrations  of  the  Celestial  Mechanics  of  Laplace* 
8vo.   XOs.  6a.  boards. 


Article  XVIII. 

* 

NEW  PATENTS. 

'  James  Ferguson  Cole,  of  Hans-place,  St.  Lukot  Chelsea,  for  certain 

improvements  in  chronometers. — Jan.  27,  1821. 

John  Roger  Arnold,  of  Chigwell,  Essex,  fcnr  a  new  or  improved  ex* 
pansion  balance  for  chronometers. — Jan.  ^?7. 

Alphonso  Doxat,  of  Bishopsc^atr-strect,  for  a  new  combination  of 
mechanical  powers,  whereby  the  weight  and  muscular  force  of  men 
may  be  employed  to  actuate  machinery  for  raising  water,  or  other  pur- 
poses,  in  a  more  advantageous  manner  than  has  been  hitherto  practised, 
communicated  to  him  by  a  certain  foreigner  residing  abroad. — Jan.  27. 

Phillips  London,  the  younger,  of  Cannon-street,  practical  chemist, 
for  a  certain  improvement  in  the  application  of  heat  to  coppers  and 
other  utensils. — Feb.  3. 

William  Aldersey,  of  Homerton,  for  an  improvement  on  steam- 
engines,  and  oAer  machinery  where  the  crank  is  used.< — Feb.  3. 

George  Vizard,  of  Dursley,  Gloucestendiire,  Ibr  a  new  procesa  or 
method  of  dresaiiig  and  pohsfaing  goods  of  woidliB  aamnhctiurei^ 
Feb.  3* 
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■  MMARKSt 

Second  MoK(h^\y%¥iAt.  3.Fine:  doudyu  4.QvaoMt.  S^Koes  boArfimttntiie 
numiiiig.   &  Hoar  frott.  7.  Hoar fimt:  Toy  fine  iiuNniqg^  lunar  eoiQBa  at d^it, 
8.  Hoarfirait;  fine.  9.  Hoarftoat:  doudjs  fine.   10,  doudj.   11.  Ckudjt  fine 
It  interrala.  1? — 15.  doiidy.    16.  lAnar'ooniui.    17.  CHondj.    18.  Fines  «r 
«hower  aboat  lit)  p.m.    19.  Fine.    SO.  Hoar  froat:  a  dMnrer  m  the  evning. 
iv,  CVrrANMHiltfff  and  Chtr99iraiu»  alraaked,  19r  an  agate.    St.  'Hoar  ftogt,' 
23,24.  Hoar^st:  foggy.   S&  Cloudy.   :^6.  Cloudy:  bleak.   21.  Very  fine  morn- 
ing.   28.  Snowy, 

BESULTa 

Windfs  NB,6;  E,  I ;  SB,  4;  6»  1;  8W,3«  Wy^s  NW^S;  Var.S. 


Bkuometer:  Meanbei^. 

For  the  maiidi   30  272  inches. 

For  the  Inner  period,  ending  the  SAth  •  3(hS36 

For  14  days,  ending  the  6th  (moon  adnOO  •  8<H04 

For  13  days,  ending  the  18tk  (moon  north)  «...  30*395 

Tb/OmtaMsti  Meanbdglit 

For  the  month  •  •  «  « .  Si'SU^ 

For  the  Innar  period  85<i5 

F(Hr  89  days,  the  sun  in  Aquarius.   36*741 

Xfafoiatioto.   •  «  .w...  1<07  in. 

Bain.  a*8i 

iilean  of  hygrometer  70^ 


Hie  haimneter,  wUdi  baa  langed  very  hi^  mo«  part  elibb  ^winter,  haa  twice  risen 
ae  in  the  last  and  present  ntonth  as  prohably  to  rel^h  the  upper  extremity  of  tiie  :^al& ' 
in  many  inJstrum'enta,  as  it  did  in  one  of  those  whicli  'WC  observed. 

The  Cornet^  whicii  ii»  now  vkible,  was  well  at  Tottenham  by  my  brother 
and  other  persons  as  early  as  the  evening  of  the  23d ;  and  on  the  27th,  the  Zodiacal 
.^^fU  vai  ako  diatinGtlj  observed  tbei«. 

«  0 
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Article  I. 

ObserwUiofi'^  on  the  Combinations  of  Azofe  and  Oxygen* 
By  Thomas  Thomson,  MD.  FR^. 

Scarcely  any  part  of  chemistry  has  been  investigated  with 
more  industry  than  the  various  proportions  in  which  oxygen  and 
azote  combine.  This  is  partly  to  be  ascribed  to  the  beautiful 
simplicity  which  such  combinations  exhibit,  partly  to  the  appa- 
rent facility  of  experiments  on  the  union  of  deutoxide  of  azote 
and  common  air,  and  partly  to  tlie  notion  entertained  Dr. 
Priestley  and  his  contemporaries,  that  common  air  varies  m  the 
proportion  of  oxygen  which  it  contains^  that  its  state  of  salu* 
ority  depends  upon  this  proportion,  and  that  the  degree  of  its 
goodness  is  easily  determined  by  means  of  deutoxid^  of  axote. 

Chemists  in  general  are  now  agreed  about  the  number  of 
compounds  of  azote  and  oxygen,  which  are  capable  of  being 
formed ;  and,  with  the  exception  of  Mn  Dalton,  they  are  agreed 
Hkewise  about  the  exact  proportions  in  which  they  unite.  Mr. 
Balton.  in  a  very  elaborate  paper,  published  in  the  ninth  volume 
of  the  Annals  of'  Fhilosop/n/,  p.  185,  has  given  us  a  great  liumber 
of  experimeuts,  from  wluch  he  draws  the  following  conclusiun: 
the  five  compounds  of  azote  and  oxygen,  if  we  consider  both  of 
the  constituents  in  the  gaseoui>  form,  are  compjosed  of 

VUmnML  VoiniiMi. 

100  azote  +  62  oxygen,  constituting  protoxide  of  azote 
100        +  ^  X  2  b  124  deutoxide  of  azote 

100        +  62  X  3  =  186  hyponitrous  acid 

100         +  62  X  4  =  248         '    nitrous  acid 
100         +  62  X  5  =  310  nitric  acid 
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Gay-Lussac,  in  a  paper  published  in  an  early  volume  of  the 
Annales  de  Chiniie  et  de  Physique,  has  given  veiy  strong 
reasons  for  concluding  that  the  coaiposition  of  these  five  com- 
pounds is  as  follows : 

Azote.  Oxygen. 

Protoxide  of  azote  100  volumes  +    50  volumes 

Deutoxide  of  azote  100  ,  +100 

Hyponitrous  acid  100  +150 

Nitrous  acid   100  +  200 

Nitricacid. 109         •  +  260 

As  far  as  I  know,  these  proportions  of  Gay-Lussac  have  been 
adopted  bv  the  whole  chemical  world,  with  the  exception  of  Mi\ 
Dalton.  iVIy  object  in  this  paper  is  to  show  that  the  present 
state  of  our  knowledge  leaves  no  doubt  whatever  that  Gay- 
Lussac's  proportions  are  accuratei  md  that  Mr.  Dalton  has 
misled  himself  somehow  or  other. 

1.  1  take  it  for  granted  that  the  specific  gravity  of  oxygen 
and  azotic  gases  are  as  follows : 

Oxygen  11111 

Azotic  •   0-9722 

For  the  proofs  of  these  specific  gm^ttes^  I  refer  the  reader  to 
the  Annah  of  PHhsopba/,  xvi.  163. 

2.  I  have  demonstrated  (ibid,  p*  171)  that  the  jspecific  gravity 

of  protoxide  of  azote  is  1*6277*. 

Now  we  have  1  volume  of  azotic  gas  ss  0*9722 

4- volwuje  ui  oxygeu  gas  —  U-i>555 

1-^77 

Thus  wiien  a  vekme  of  azotic  gas  is  mitted  to  half  a  vttam 
ol  oxygen,  aad  the  two  condensed  into  one  Tolume,  a  gas  is 
fomed  which  possesses  exactly  the  specific  gravity  of  protoxide 
of  azote.  Hence  we  are  entitled  to  conclude,  that  protoxide  of 
azote  is  a  compound  of  one  volume  azotic  +  half  a  volume  of  oxy- 
gen gas  condensed  into  one  volame.  That  this  is  its  true  co*- 
position  is  obvious  from  the  iolknving  experiment,  which  I  hafe 
often  made,  aad  \\ iiich  very  nearly  agrees  with  the  results  given 
long  ago  by  Davy  in  his  Researches. 

Mix  together  100  volumes  of  protoxide  of  azote  and  100 
volumes  of  hydrogen  gas.  Pass  an  electrical  spark  through  the 
mixture ;  detonation  takes  place,  the  whole  hydrogen  gas 
disappears^  the  residual  gas  measures  exactly  100  volumeSi 
is  pure  azotic  Thus  we  see  that  100  volumes  of  protoxide 
of  azote  contain  exactly  100  volumes  of  azotic  gas.  The  100 
volumes  of  hydrogen  gas  must  have  been  converted  into  water, 
and  for  this  conversion  they  moat  have  united  with  60  totumes 
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-of  oxygen  gas;  consequently  100  volumes  of. protoxide  of  azote 
^contain  exactly  50  vokunes  of  oxygen  gas. 

The  only  dilUcuily  atteudmg  thk  experiment  is  to  procuie 
protoxide  of  azote  in  a  state  of  absolute  purity.  I  have  fre- 
quently had  it  so  pure  that  the  error  in  the  results  did  not 
iuiiount  to  60  much  as  half  per  cent.  This  I  consider  as  a 
demonstration  that  Dalton's  proportion  of  oxygen,  which  he 
makes  62  volumes,  is  excessive.  Were  this  the  quantity,  124  ' 
volumes  of  hydrogen  gas  would  be  requisite  instead  of  100 
volumes  ;  and  after  bummg  a  mixture  of  100  volumes  of  protox- 
ide of  azote  «ad  100  .volumes  of  hydrogen^  a  portion  of  protoxide 
•of  azote  (amoufttiDg  to  rather  xamfi  than.20  ' volumes)  should 
.raMon  imdaooBposed^  or  12  vdwies  of  oxygen  gas  dioiild  be 
found  in  4>be  residaal  fga^Bf-^tiimb,  inattwd  of  4^  voiimeSy  would  * 
mmountto  112v«kHBes. 

^If  Mr,  Daiton  will  consider  these  facts^  he  will^  I  think,  see 
,  the  neoeiuty  of  adndttiD^  thetipratosi^  of  ^^ote  1)9  a  compouivl 
4>f  too  mmaum  waatic  if  60  votounes  oxyg^  gas  i^ooaeneed 
into  100  volumes. 

2.  That  4c«toude  iof  lazote  .is  a  ^oompoiiiul  of  100  vdumes 
«Mtic  4-  100 /v^liuneS' oxygen  gas  iim  andjcoiisti- 
'  tnting  9d0  vobanfis^  /wiU  not .ftnoiit  ^ doubly  if  we  attend  to  dls 
specific  gravity,  which  I  hdve  shown  to  be  1*041 6&  {Amah  of 
l^ilosopht/,  xv'u  172.)  Now  this  is  exactly  Uie  mean  of  the  spe- 
cific gravities  of  os^gen  and  azotic  gases ;  for 

Oxygen.  s=  Mill    *  ^ 

Azotic.  ^.  ..r^*  as  0-9722 

2)2-Uboa 

IM^an « t.*..*  •.«  •,•••'« I* •.•if  «!••>••■••  •  I'O^ltiQ 

I  have  not  myself  made  any  experuneuts  to  determine  the 
quantity  of  oxygen  in  deutoxide  ol  azote  by  cornbustion  ;  but 
.  the  evidence  adduced  by  Gay-Lussac  in  the  second  volume  of 
the  Memoires  d'Arcueil,  that  this  gas  is  composed  of  equal 
volumes  of  oxygen  and  azotic  gas,  is  so  cQQ^lusive  as  ^t0'lea¥O 
no  doubts  whatever  on  my  mind  of  its  truth. 

3.  I  haive  attempted  to  verify  Gay-Luasac's  experiments^  in 
4Piiiich  he  made  one  volume  of  oxygen  gas  unite  with  four 
Toliunes  of  deutoxide  of  azote  ;  but  thou^  I  have  returned  to 
the  subject  more  than  once  at  different  periods  of  the  year,  I 
have  never  been  so  fortunate  as  to  obtain  the  same  results  with 
that  very  ingemoiis  philosopher.  I  have,  however,  socceedad 
in  hitting  upon  a  method  by  which  this  combination  can  be 
accomplished  at  all  times  widi  the  greatest  ease.  Indeed. I 
have  smce  found  that  this  method  is  not  new.  It  was  practised 
fay  Mr.  Cavendish  es  bng  ago  es  1783,  and  is  minutely  described 

X  8 
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by  him  in  his  well-known  paper,  entitled  Of  a  new  Eudiome- 
ter," (Phil.  Trans.  1783,  p.  lOfi).  It  is,  therefore,  rather  singular, 
'that  this  method,  which  is  easy  and  exact,  seems  to  be  quite 
unknown  both  to  Mr.  Dalton  and  M.  Gay-Lussac.  The  method 
is  this  :  Put  into  a  small  glass  vessel  open  below  100  yolames  of 
tieutoxide  of  azote.   Into  a  small  cylindrical  glass  vessel  having 

small  brasR  stop  cock  at  its  top,  and  a  brass  plate  (with  a 
small  hde  in  it)  fixed  to  it  by  grinding  below,  put  100  volumes 
of  common  air.  Smk  the  cyhndricaf  vessel  under  water,  and 
place  the  vessel  containing  the  deutoxide  of  azote  over  it,  tak- 
ing care  that  its  mouth  is  under  the  surface  of  the  water* 
^Things  being  in  this  situation,  open  die  stop  cock.  The 
common  air  will  make  its  way  slowly,  and  bubble  by  bubble^ 
into  the  deutoxide  of  azote.  Agitate  the  vessel  containing  the 
deutoxide  of  azote  ihe  whole  time  that  the  common  air  is  enter- 
ing into  it.  If  you  measure  the  residual  gas  after  the  process  is 
at  an  end,  it  will  amount  at  an  average  to  96  or  97  volumes ;  so 
that  the  quantity  of  gas  that  disappears  when  the  experiment  is 
made  in  this  wav  amounts  to  103  or  104  volumes. 

Now  100  volumes  of  common  air  contain  21  volumes  of  oxygen 
gas  ;  so  that  82  or  83  volumes  of  the  gas  which  have  disappeared 
are  deutoxide  of  azote  and  21  volumes  oxygen  gas  ;  but  21  :  8o 
r.  100  :  396-2. 

In  this  mode  of  experimenting  then,  100  volumes  of  oxygen 
gas  unite  to  395*2  volumes  of  deutoxide  of  azote.  Now  396*2  is 
only  about  one  per  cent,  less  tluui  400.  T  conceive,  therefore, 
that  there  can  be  no  doubt  wlicn  the  experiment  is  made  in  this 
way,  that  100  volumes  ol  oxygen  gas  really  unite  with  400 
volumes  of  deutoxide  of  azote. 

Deutoxide  of  azote  consisting  of  equal  volumes  of  azotic  and 
oxygen  gases  united  without  undergoing  any  condensation,  it  is 
obvious  that  400  volumes  of  it  must  be  coinposed  of 

200  volumes  oxygen 
200  volumes  azotic  gas 

Therefore,  when  100  oxygeii  unite  with  400  deutoxide  of  a^ote, 
the  compound  formed  is  in  reality  composed  of  200  volumes 
azotic  and  800  volumes  oxygen ;  or,  which  is  the  same  thing,  of 
100  volumes  azotic  +150  volumes  of  oxygen  gas.  Now  this  is 
the  compound  called  hyponitrous  acid,  I  have  never  attempted 
to  collect  this  acid  in  order  to  examine  its  properties,  the  ^at 
qutotity  of  water  with  which  it  was  diluted  m  all  my  experi- 
ments precluding  the  possibility  of  obtaining  it.  But  as  this 
mode  of  experuiieiiting  gives  uniform  results,  1  see  no  reason  to 
doubt  that  such  a  substance  as  hyponitrous  acid  actually  exists. 

4.  1  have  never  found  any  difficulty  in  obtaining  a  compound 
of  100  vobiiiies  oxygen  and  200  volumes  of  deutoxide  of  azote. 
My  method  of  jjroceeding  is  this  :  I  introduce  100  volumes  of 
common  air  into  a  cylindrical  glass  tube,  the  internal  diameter 


Digitized  by  Google 


1S2L3  ,       the  Cominnatioiu  of  Azote  and  Oxygen.  326 

of  which  is  0*9  inch.  This  tnbe  is  shut  at  one  end  and  open  at 

the  ofher^  and  being  filled  with  water  is  placed  inverted  on  the 

shelf  of  the  water  trough.  A  hundred  volumes  of  deutoxide  of 
azote  are  let  up  to  the  commou  air.  The  mixture  becomes  yel- 
low, and  diiiimishes  rapidly  m  volume.  I  allow  the  tube  to- 
stand  untouched  till  the  gas  has  become  clear,  and  till  it  ceases 
sensibly  to  diminish  in  bulk.  I  then  introduce  the  residual  gas 
into  a  graduated  tube,  and  measure  its  volume.  The  average 
residue,  when  the  experiment  is  made  in  this  way,  is  137 
volumes.  The  following  table  exhibits  the  residual  volume  in 
six  successive  experimentSi  the  original  volume  of  the  two  gasea 
being  200. 

Volume.. 

136 
137 
13^^ 
138 
136 
137 


Mean;.«.  136-8 

Thus  it  appears  that  when  the  experiment  is  made  in  this  wa^^ 
the  gas  whicn  disappeai-s,  and  which  of  course  must  have  been 
converted  into,  an  acid  and  absorbed  by  the  water,  amounts  to 
63  volumes.  Now  21  of  4;he8e  volumes  mast  have  been  the 
oxygen  contained  in  the  100  volumes  of  common  air^  and  the- 
remaining  42  volumes  mast  have  been  deutoxide  of  azote  ;  but 
42  is  just  double  21.  Thus  we  see  that  when  the  experiment  is 
made  m  this  way,  one  voluaie  of  oxygen  c()in])ines  with  two 
volumes  of  deutoxide  of  azote.  This  is  the  same  thing  as  100 
volumes  of  oxygen  and  200  volumes  of  deutoxide  of  azote;  but 
200  volumes  of  deutoxide  of  azote  are  composed  of 

100  volumes  oxygen, 
100  volumes  azotic  gas, 

consequently  the  acid  formed  in  this  case  is  a  compound  of  lOO 
volumes  of  azotic  and  200  vokmu  s  of  oxygen  gas.  It  is,  there- 
fore, the  acid  known  by  the  name  of  nitrons  acid,  l>ulong  has 
shown  that  this  is  the  acid  which  is  obtained  when  nitrate  of 
lead  is  exposed  to  heat  in  a  retort ;  while  the  receiver  is  sur- 
rounded with  a  mixture  of  snow  and  salt.  It  is  an  acid  of  a 
pale-yellow  colour,  and  seems  to  undergo  decomposition  wlien 
imited  to  the  bases.  From  Dulong's  experiments,  it  appears  ta 
contain  no  water.  Indeed  nitrate  of  lead,  when  properly  diied» 
is  frfee  from  water. 

5.  I  have  not  yet  hit  upon  a  method  of  uniting  100  volumes  of 
oxygen  with  13*3  volumes  of  deutoxide  of  azote.  Davy  fint 
showed,  that  if  we  unite  these  two  gases  in  these  proportions^ 
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tlie  rewltiiig  compound  will  be  nitric  acid.  I  have  tried  the 
experimentSi  which  he  deBcribes,  but  &id  the  results  too  Taiw- 
Me  to  j^aee  any  reliance  on  them.  But  it  i«  not  difficult  to 
demonstrata  that  nitric  acid  is  in  reality  a  comjpouad  of  100 
Totumes  azotio  and  250  Tolmnes  of  oxygen  eas. 

In  the  Annals  of  PhUosophy,  xri*  i  ha?e  shown  by  a 
flimple,  but  decteive  experiment*  that  the  atotoic  we^ht  of  nitna 
acia  is  6*75.  The  preceding  observations  leave  no  donbt  that 
the  composition  of  protoxide  of  azote,  deutoxide  of  azote,  hypo- 
nitroua  acidj  aud  nitrous  acid,  is  as  follows  : 

Asote.  '  Oxygen. 

Protoxide  of  azote  100  volumes  4-  50  volumes 

Deutoxide  of  azote   100  +  100  or  50  x  2 

Hyponitrous  acid.  ,   100  +  160  or  50  x  3 

miTous  acid   100  +  200  or  50  x  4 

We  cannot  avoid  concluding^  from  observingthese proportions, 
that  these  different  substances  are  composed  as  follows : 

Ami*.  Ozjgeii* 

Protoxide  of  azote  « •  •  1  atom  +  1  atom 

Deutoxide  of  azote  I  +2 

H^ponitroos  acid  ••«..  1  +3 

Nitrous  acid  •  1  +4 

ConsequLUtly  an  atom  of  azote  is  represented  by  a  volume  of 
azotic  gas  and  an  atom  of  oxygen  by  half  a  volume  of  oxygen 

gas ;  but  the  specific  gravity  of  azotic  gas  is  0*9722,  and  that 

qf  oxygen  1*1111,  the  half  of  which  is  0  5555;  therefore,  the 
weight  of  an  atom  of  oxygen  is  to  that  of  an  atom  of  azote  as 

0-5555  to  0*9722 ;  but  5555  :  9722  ::  1  :  V75 ;  consequently,  if 

an  atom  of  oxygen  l^e  represented  by  1,  an  atom  of  azote  will 
weigh  1-75.  Substituting  these  weights  for  the  atoms  \ii  ilie 
precedinir  table,  we  obtain  the  atomic  weights  of  these  diiierent 
bodies  as  ioiiows : 


Protoxide  of  azote  .  .  •  2*75 

Deutoxide  of  azote.  •..*•••,«*  3*75 

Hyponitrous  acid  •  «•  4*75 

Ivitrous  aci^   ••••••••  5*75 


If  to  5*75  we  add  another  atom  of  oxvp:en,  we  obtaui  6*75. 
2*?ow  tiiis  is  the  weight  of  an  atom  of  uitric  acid.  It  cannot  be 
doubted,  therefore,  that  nitric  acid  i^a  compound  of  five  atoms 
of  oxygen  and  one  atom  of  azote.  But  as  an  atom  of  azote 
represents  a  volume,  while  an  atom  of  oxygen  represents  half  a 
volume^  it  is  evident  that  nitric  acid  must  be  a  compowid  of 
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100  volumes  -j-  250  volumes. 

Now  this  is  the  veiy  constitution  pointed  out  by  Davy  and  by 
Gay-Lussac. 

&  About  the  year  1806^  Mn  Dalton  published  a  set  of  experi- 
ments to  determine  the  proportion  of  the  several  gases  in  the 
atmosphere.*  In  this  paper  ne  remarks,  that  if  36  volumes  of 
pure  deatoaade*  of  aeote  be  introduced  into  a  glass  tali^  abof«t< 
three-tenths  of  an  inch  wide,  and  100  volumes  of  common  air  bn  *  ' 
let  up  into  it,  after  a  few  miiintes  th&  whole  will  be  reduced  to  * 
79  or  80  volumes,  and  will  exhibit  no  signs  of  either  oxygen,  or 
deutoxuie  ot  azote.  In  this  case,  21  volumes  of  oxygen  have 
united  with  3f  i  volumes  of  deutoxide  of  azote.  If  the  same  expe- 
riment he  made  in  a  wide  vessel,  a  couimoii  tumbler,  for  instance, 
and  if  we  e!rj|)!()V  72  volume^s  of  deutoxide  of  azote  and  100 
volumes  of  coinniun  air,  the  residue  will  be  as  before,  7i:i  or  HO 
volumes.  Thus  21  volumes  of  oxygen  unite  with  36  volumes  of 
deutoxide  of  azote  in  a  narrow  tube,  and  with  36  x  2  s  72 
volumes  in  a  wide  vessel.   This  is  equivalent  to 

Oxygen.  Deutoxide  of  asote. 

100  volumes  4-  171-429  volumes 
100  i-  342-868 

The  diminution  of  volume  in  a  narrow  tube  he  hnds  ao  coiih  - 
staiit  that  he  recommends  this  mode  of  experimenting  as  a  good 
method  of  detectii^  the  volume  of  oxygen  in  a  given  quantity  o£ 
gB8.  Take  a  given  voltune  of  it,  and  lei  up  into  it  a  given  vohaaa 
o|  deuloxiHe  of  azote.  Note  the  dimintttum  of  vohuae ;  7*»19tii8 
of  thk  diminnlioii  is  the  oxygen  required ;  so  tfaat^  according  to 
this  nde,  we  have  only  to  nwdtiply  the  diminuttoa  of  volame  hf 
0*3684 ;  the  product  is  the  volume  of  oxy^n  required. 

I  have  maae  u  <rreat  manv  trials  to  verity  these  conclusions  of 
Mr.  Dalton.  Indeed  I  adopted  his  mode  of  determining"  the 
proportion  of"  oxygen  in  mixed  gases  by  means  of  deutoxide  of 
azote  as  soon  as  I  became  acquainted  wiili  it ;  but  the  want  of 
coincidence  between  different  trials,  though  uidua  in  precisely 
the  same  way,  led  me  at  last  to  doubt  its  precision,  and  to  make 
a  set  of  experiments  in  order  to  investigate  what  really  takes 
place.  I  found,  in  the  first  place,  thai  the  results  did  not  vary 
sensibly,  whether  we  employed  glass  tubes  of  the  bore  0*3,  0*4, 
or  0*5  inch.  My  mode  of  proceeding  was  to  put  100  volumes  of 
common  air  into  a  graduated  tube,  and  to  let  np  into  it  100 
volumes  of  deutoxide  of  azote.  After  the  diminution  of  volume 
was  at  an  end,  I  noted  the  volome  of  residual  gas.  The  follow- 
ing table  exhibits  the  volume  of  residual  gf^  in  six  successive 
experiments  made  in  this  vray  in  a  tube  o(i>5  inch  in  diameter : 

•  PhiL  Mag.  jam.  S5l. 


t 

Digitized  by  Google 


a28 


Dr.  Thomson  on 


[May, 


136 
140 
144 
142 
144 
142 

The  mean  of  tliese  trials  gives  a  residue  of  141*6  Y<dume8. .  The 
smallest  residue  was  138,  and  the  greatest  144. 

The  mean  volume  of  gas  which  disappeared  in  this  case  was 
58*4.  Now  of  this^  21  yohimes  were  oxygen  gap,  the  remaining 
37*4  volumes  must  have  been  deutoxide  of  azote  ;  ao  that  the 
mean  of  these  experiments  gives  us  21  volumes  of  oxygen  unit- 
ipg  with  37*4  volumes  of  deutoxide  of  asote.  This  is  ouy  a  very 
little  greater  than  36  volumes,  the  quantity  assigned  oj  Ifr. 
Dalton.  The  extremes  in  the  experiments  are : 

Volumes.  Volumes.  » 

21  oxygen  +  35  deutoxide  of  azote 
21  +41 

These  variations  are  so  great  that  I  was  induced  to  abandon 
Dalton's  method  altogether.  I  find  that  a  tube  0*9  inch  in 
diameter  gives  much  more  correct  results.  When  we  employ  it, 
the  21  volumes  of  oxygen  just  unite  with  42  volumes  of  deutox- 
ide of  azote ;  so  that  the  oxygen  is  obtained  by  dividing  the 
diminution  of  bulk  by  3.  It  is  obvious  that  36  volumes  of  deut- 
oxide of  azote  is  not  the  minimum  quantity  with  which  21 
volumes  of  oxygen  gas  are  capable  of  uniting.  The  minimum^, 
instead  of  36,  is  in  reality  28  volumes.  1  have  obtained  a  dimi- 
nution not  exceeding  61  volumes,  when  I  employed  very  narrow 
tubes ;  but  the  process  is  disagreeable,  and  not  nearly  so  accu- 
rate as  when  we  use  tubes  with  a  diameter  of  0*9  inch. 

When  we  mix  common  air  and  deutoxide  of  azote  in  a  com- 
mon tumbler  over  water,  the  results  are  pretty  uniform.  The 
following  table  exhibits  the  volume  of  residual  gas  when  IQO 
volumes  of  deutoxide  of  azote  were  let  up  into  100  volumes  of 
common  air  in  a  tumbler  about  three  inches  in  diameter :  * 

119 
119 
118 

.       •     .      .  118 

'       118  * 
118 


,      .  \    Mean....  118-3 


In  these  experiments,  the  mean  dii|Qinution  of  bulk  was  81^ 
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Tolunes*    Of  these  21  were  oxjfgeii ;  so  that*  21  Tolumee  of 

oxygen  had  united  with  60*6  yolumes  of  deutoxide  of  azote. 
This  dtfieTB  materially  from  72  volumes  which  Mr.  Dalton  states 
as  the  maximum  of  deutoxide  of  azote  which  unites  with  21 
volumes  of  oxygen.  My  experiments  were  all  made  without 
agitatinff  the  vessels,  which  no  doubt  diminishes  the  portion  of 
deutoxide  of  azote  which  disappears  when  agitation  is  used.  My 
results  approacli  very  nearly  to  one  voUinie  oxygen,  and  three 
volumes  deutoji^ide  of  azote.    Such  a  compound  would  consist  of 

1'5  volumes  azotic^ 
2\3  volumes  oxygen.  . 

This  is  equivalent  to 

1  volume  azotic, 

If  volume  of  oxygea, 

which  is  the  same  as  1  atoin  azote  +  3^  atoms  oxygen.  This 
is  obviously  no  definite  compound,  though  it  approaches 
nearest  to  hyponitrous  acid. 

Avery  great  number  of  expeniiunls  which  1  have  laaJc  upon 
these  (  ombi nations  durino;  the  course  of  the  last  15  years  leave 
no  doubt  whatever  on  my  nnnd  that  both  Mr.  Dalton's  minimum 
and  maximum  of  deutoxide  of  azote  arc  inaccurate,  and  that  in 
reality  1  volume  of  oxygen  iriay  he  made  to  combine  with  1^,  2, 
and  4  volumes  of  deutoxide  of  azote,  producing  nitric  acid, 
nitrous  acid,  and  hyponitrous  acid,  respectively.  The  two  o-ases 
can  combine  in  all  the  intermediate  proportions  between  these. 
Hence  the  great  variety  of  results,  and  the  apparently  capricious 
nature  of  the  experiments^  that  have  for  so  many  years  attracted 
the  attention  of  the  chemical  world. 


Article  II. 

A  Memoir  on  9wne  new  Modifications  of  Galvanic  Apparatus,' 
with  Observations  in  Support  of  his  Theory  of  Galvanism, 

'  By  R.  Hare,  MD.  Professor  of  Chemistry  in  the  University  of 
Pennsylvania.  Communicated  by  the  Author.  (With  a  Plate.) 

I  HAB  observed  that  the  ignition  produced  by  one  or  two 
ffftl^anic  pairs  attained  its  highest  intensity,  almost  as  soon  as 
they  were  covered  by  the  acid  used  to  excite  them,  and  ceased 
soon  afterwards ;  although  the  acdon  of  the  acid  should  have 
iacteased  during  the  interim.   I  had  also  remarked  in  using  an 

S^paratus  of  300  pairs  of  small  plates,  that  aplatina  wire,  No.  16, 
aced  in  the  circuit,  was  fused  in  consequence  of  a  construc- 
tion which  enabled  me  to  plunge  them  all  nearly  at  tlie 
time.   It  was,  therefore,  conceived,  that  the  maximum  of  effect 
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in  voltaic  apparatus  of  extensive  series  had  never  been  attained. 
The  plates  are  generally  arranged  in  distinct  troughs,  rarely 
containing  more  than  20  ])airs.    Those  of  the  great  appaiatiis  of 
the  Royal  Institution,  empluyed  by  Sir  H.  Davy,  had  only  10 
pairs  in  each.    There  were  100  sach  to  be  successively  placed 
m  the  acid,  and  the  whole  connected  ere  the  poles  could  act. 
Consequently  the  effect  which  arises  immediately  after  iiiuner- 
sion  would  be  lost  in  the  troughs  Ihst  arranged,  belbre  it  could 
be  produced  in  the  last ;  and  no  effort  appears  to  have  beej^ 
mane,  to  take  advantage  of  this  transient  accumuiatioa  of  power, 
either  in  using  that  magnificent  combinatioiii  or  in  any  ot^r 
of  which  1  have  read.    In  otder  to  ic^3lBerve  the  consequencef  of 
simultaiieous  immersion  with  a  series  6ufficienily  nonerous  to^ 
test  the  correctness  of  my  espectations^  a  galyamc  apparatus  of 
80  concentric  coils  of  copper  and  zinerwas  so  suspended^  by  a 
beam  and  levers  as  that  they  plight  be  made  to  descend  into^  or 
rise  ont  of/  the  acid  in  an  instant/  The  zinc  sheets  were  about 
nine  inches  by  six,  the  copper  fonrteen  by  si  x ;  more  of  this  metal' 
being  necessary,  as  in  every  coil  it  was  niade  to  commence  witlvin 
the  zinc,  and  completely  to  surround  it  without.    Tiic  sheets 
were  coiled  so  as  not  to  leave  between  them  an  interstice  wider 
than  a  quarter  of  an  inch.    Each  coil  is  in  diameter  about  two 
inches  and  a  half,  so  that  all  may  descend  freely  into  80  glass 
jars  two  inches  and  three-quarters  diameter  inside^  and  ei^t 
inches  high,  duly  stationed  to  receive  tlieni.* 

My  apparatus  beiii^;  thus  arranged,  two  small  lead  pipes  were 
severally  soldered  to  each  pole,  and  a  piece  of  charcoal  about  a 
quarter  of  an  inch  thick,  and  an  inch  arid  a  half  long,  taperinga 
little  at  each  extremity,  had  these,  severally  inserted  into  the 
hoUow  ends  of  the  pipes.  The  jars  being  furnished  with  diluted 
acid,  and  the  coils  suddenly  lowered  into  them,  no  vestige  of 
the  charcoal  could  be  seen.  It  was  ignited  sd  intensely,  that 
those  portions  of  the  lis  by  which  it  h^d  been  embraced  were ' 
destroyed.   In  order  to  avoid  a  useless  and  tiresome  repetition, 
I  will  here  state  that  the  coils  were  only  kept  in  the  acid  while 
tl^e  action  at  the  poles  was  at  a  maximum  in  the  ex-periment  hisl. 
mentioned ;  and  m  others^  which  I  am  about  to  describe,  unless 
where  the  decomposition  produced  by  water  is  spoken  of,  or  the 
sensation  excited  iu  the  hands.    I  designate  the  appaiaius  with 
Avhich  1  performed  them  as  the  irah  anic  dedagrator,  on  account 
of  its  superior  power,  in  proportion  to  its  size,  in  causin<if  defla- 
gration ;  and  as,  m  the  tui  in  last  adopted,  it  differs  from  the 
voltaic  pile  in  the  omission  of  one  of  the  elements  heretutoe- 
deemed  necessary  to  its  construction. 

Desirous  of  seeing  the  eifiect  of  the  simultaneous  immersion  of 
my-  series  upon  water,  the  fMpes  soldered  to  the  "poles  were 
inirodttced  inlo^  a  vesael  conAaining  thai  ikiid.  No  extfaordinaiy 
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effect  was  perceived,  urUil  they  were  very  near,  when  a  vivid 
tia^ii  was  observed,  and  happeuins^  to  touch  ahnost  at  the  same 
time,  they  were  found  fused  and  nicoip uiuted  at  the  place  of 
contact.     I  next  soldered  to  each  pipe  a  brass  cylinder  of  about 
five-tenths  of  an  inch  bore.    These  cyhnders  were  made  to 
receive  the  tapering  extremities  of  a  piece  of  cliarcoal  about  two 
inches  long,  so  as  to  complete  the  circuit.    The  submersion  ut 
the  coild  caused  the  most  vivid  ignition  ia  the  coal.    It  was 
inBtantaneouBly  and  eoiir^y  on  fire.  A  piece  of  platina  of  aboutv 
a  quarter  of  an  inch  diameter  in  connexion  with  one  pole^  was- 
initaQtly  fused  at  the  end  o&  being  brought  in  contaot  with  some 
maroury  oommunicatiog  with  the  otber.   When  two  cylindera 
of  ^^harcoal,  having  liemispherical  terminations^  were  fitted  into 
tbe  brass  cylinders  and  brought  nearly  into  contact,  a  most  vivid 
igintioii  to<^  plaoe^  and  eontmued  after  they  were  removed  about 
a  half  •r  three  quarters  of  an  inch  apart,  the  interval  rivalling  the 
8«n  in  biiliiancy.    The  igneous  fluid  appeared  to  proceed  from 
the  positive  side.    The  charcoal  in  the  cyUnder  soldered  to  the 
latter,  would  be  intensely  ignited  throughout,  when  the  piece 
connected  with  the  negative  pole  was  ignited  more  tuvvaid  the 
extremity  approaching  the  positive.    'Ihe  inobt  intense  action 
seems  to  arise  i i  oin  placing  a  platina  wire  of  about  the  eighth  of 
an  inch  diani'  Icr,  in  connexion  with  the  positive  pole,  and 
bringing  it  in  contact  with,  and  afterwards  removing  it  a  small 
distance  apart  irom,  a  piece,  of  charcoal  (fresh  from  the  lire) 
affixed  to  the  otber  pole. 

As  points  are  pre-minently  capable  of  carrying  off  (without 
being  injured)  a  current  of  the  electrical  fluid,  and  very  ill  quali* 
fied  to  coiudact  caloric ;  while,  by  facilitatiQg  radiation,  charcoal 
favours  the  separation  of  caloric  from  the  electricity  which  does^ 
not  radiate;  this  result  seems  consistent  with  my  hypothesis^ 
that  the  fluid  as  extricated  by  Volta's  pile  is  a  compoand  of 
Qsloric  and  dectricity ;  *  but  not  with  the  other  hypothe»8» 

*  According  to  the  theonr  hoe  alluded  to,  the  galvanic  fluid  owes  its  properties  to 
caloric  and  electricity,  the  rormer  predominating  in  pro^rtiou  to  the  size  of  the  pairs, 
the  latter  in  prtiiiortion  to  the  number,  being  in  both  cases  excited  by  a  powerful  acid. 
Hence  in  batteries  wliich  combine  botli  qualifications  sufficiently,  as  in  ail  thoiie  inter- 
Tenni|g  betwe^  Children's  large  pairs  of  two  feet  eight  iiidies  by  six  feet,  and  Ae  IMWO 
four-inch  pain  of  the  Royal  Institution,  the  ])benomeDa  indicate  the  presence  of  both 
flnid  ^  In  Do  Luc's  column,  idlere  the  size  of  the  pairs  is  insigoiiteaat,  and  the  energy 
ot  interposed  agents  feeble,  we  sec  elertridty  evolved  without  any  appreciable  quantity 
of  caloric.  .In  the  calorimotor  where  we  have  size  only,  the  number  being  .(be  lowest 
possible,  we  are  scarcely  able  to  detect  the  presence  of  electricity. 

When  the  fluid  contains  enough  electricity  to  give  a  projectile  power  adetjuate  to  pass- 
through  a  small  space  in  die  air,  or  through  charcoal,  which  impedes  or  arrests  the  calo- 
jw,  ami  favours  its  propensity  to  radiate,  this  principal  heat  is  evolved.  This  accounts 
for  the  evolution  of  intense  lieat  under  tliosc  circumsr  nees  whicli  raiifies  tlie  air,  so  ttiat 
"e  length  of  the  jet  from  one  pole  to  tlie  other  nuiy  be  extended  after  its  conamence- 
OMBt  Hence  the  pettioos "Of  tfteeixcoit  Devest  to  the  interremsff  oimoool,  ev  heaiMl 
^ce,  are  alone  injmdl  and  em  naiMMidocting  bodies,  as  quaru,  introduced  into  it 
Are  fits?fi  and  hence  a  very  large  niie  ma^  be  mdted  bjr  the  fluids  received  diiougb  e 
•niali  wire  imperceptibly  affected. 

See  Silliman's  Journal,  No.  G,  vol.i.j  Thomson's  AnmU,  Sept,  1810;  TUloch's 
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which  supposes  it  to  be  electncity  alone.  The  finest  needle  is 
competent  to  discharge  the  product  of  the  most  powerful  machines 
without  detriment,  if  received  gradually  as  generated  by  them. 
Platina  points,  as  small  as  those  which  were  melted  like  wax  in 
my  experiments,  are  used  as  tips^  to  lightening  rods  witlicmt 
injury^  unless  in  suddeQ  dischaiges  produeed  under  jpeculiar 
cifcumstanoes,''^ 

The  followipg  experiment  I  conceive  to  be  veiy  nnfavouraye 
to  the  idea  that  galvanic  ignkion  arises  from  a  current  of  elec* 
tricity. 

A  <^linder  of  lead,  of  about  a  quarter  of  an  inch  diameter*  uid 
about  two  inches  long,  was  reduced  to  the  thickness  of  a  com- 
mon brass  pin  for  about  three^arters  of  an  inch.  Wiien  one 
mhI  was  comieeted  with  one  pole  of  the  apparatus^  the  odier 
remained  suspended  by  this  filament;  vet  it  was  instanta* 
neously  fused  oy  contact  with  the  other  pole.  As  all  the  calo- 
rific fluid  whieh  acted  upon  the  suspended  knob  must  have 
passed  through  the  filament  by  which  It  hung,  the  fiision  could 
not  have  resulted  from  a  pure  electrical  current,  which  would 
have  dispersed  the  filament  ere  a  mass  60  times  larger  bad  been 
perceptibly  affected.  According  to  my  theory,  caloric  is  not 
separated  from  the  eluctncily  until  ciicumstances  very  much 
favour  a  disunion,  as  on  the  passage  of  the  compound  fluid 
through  charcoal,  the  air,  or  a  vacuum.  In  operating  with  the 
deflagrator,  I  have  found  a  brass  knob  of  about  five-tenths  of 
an  inch  in  diameter,  to  burn  on  the  superficies  only;  where 
alone,  accorduig  to  my  view,  caloric  is  separated  so  as  to  act  on 
the  mass.  Having,  as  mentioned  m  the  memoir  on  my  theory  of 
galvanism,  found  that  four  galvanic  surfaces  acted  well  in  one 
recipient,  I  was  tempted,  by  means  of  the  80  coils,  to  extend 
that  construction.  It  occurred  to  me  that  attemjits  of  this  kind 
had  failed  Irom  using  only  one  copper  for  each  zmc  plate.  The 
Zinc  bad  always  been  permitted  to  react  towards  the  negative  as 
well  as  the  positive  pole.  My  coils  bein^  surrounded  by  copper, 
it  seemed  probable,  that  if  electro-caloric  were^  as  I  iiad  sug- 
^estedy  carried  forward  by  circulation  arising  from  galvanic  pola- 
rity, this  might  act  withm  the  interior  of  the  ooils,  yet  not  be 
exerted  between  one  coil  and  another. 

1  had  accordingly  a  trough  constructed  with  a  partition  along 
the  middle,  so  as  to  receive  40  coils  on  one  side,  and  a  like  num- 
ber on  the  otiier.  Tliis  apparatus,  when  in  operation,  excited  a 
sensation  scarcely  tolerable  in  the  backs  of  the  hands.  Inter- 
posed charcoal  was  not  ignited  as  easily  as  before,  but  a  most 
intense  ignition  todL  place  on  bringing  a  metallic  point  connected 
with  one  pole  of  the  series  into  contact  with  a  piece  of  charcoal 
fastened  to  tibe  other.  It  did  not  take  {^e,  however,  so  spee- 
(UW  as  when  glasses  were  used ;  but  soon  a^r  the  ignition  was 
effected,  it  became  even  more  powerful  than  before.    A  cylinder 

*  See  Adftm»*(i  JbikcUricity,  on  PoinM. 
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of  platina  nearfj^  a  qoafter  af  an  iock  in  dMMPoter>  tapemg  a 

little  at  the  end,  mas  fused  and  burned  so-  as  to  sparkle  to  a  con- 
siderable distance  arouiid>  and  falliin  drops*  >  A  oaU  of  4iiiiss  of 
abo«t  half  an  inch  diameter  was  seen  to  bam  on  itssuiAM^e  with 
a  greea  ilame*.  Tin  foiU  or  tinsd,  rolled  ap  into  large  c<^  of 
about  three-quarters  of  an  inch  thick,  were  rapidly  destroyed,  as 
was  a  wire  of  platina  of  No.  16.  Pbttiia  wires  in  conntKioB 
with  the  poles  were  brought  into  contact  with  sulphuric  acid ; 
there  was  an  appearance  ot  lively  ignition,  but  strongest  on  the 
positive  side.    Excepting  in  its  powei  of  permeating  charcoal, 
the  galvanic  tiuid  seemed  to  be  extricated  with  as  uuich  force 
as  when  each  coil  was  in  a  distinct  p^lass.    Apprehending  that 
the  partition  in  the  trough  did  not  suiiiciently  insulate  the  poles 
from  each  other,  as  they  were  but  a  few  iiiciies  apart,  moistui'e 
or  moistened  wood  intervening,  i  had  two  trouo  lis  mnde,  each  to 
hold  40  pairs,  and  took  care  that  there  should  be  a  dry  space 
about  four  inches  broad  between  them.    Ihey  were  first  hlled 
with  pure  river  water^  there  being  no  sahne  nor  acid  matter  to 
influence  tha  pisles^  unless  the  very  minute  quantity  which 
might  have  remained  on  them  ftom  former  immeniocis.  Yet  the 
sensation  produced  by  them  on  the  backs  of  my  hands  was 
painful,  and  ahvely  scmtiilation  took  place  when  the  poles  were 
approximatedk  Dutch  gold  leaf  was  not  sensibly  bumed^thoiudi 
water  was  found  decompoaible      wires  properly  affixed.  No 
effect  was  produced  on  potash,  the  heat  being  inadequate  to 
fbseit^ 

A  mixture  of  nitre  and  sulphuric  acid  was  next  added  to  the 
water  in  the  troughs,  afterwards  chaicoal  from  the  hie  was 
vividly  Ignited,  and  when  attached  to  the  positive  pole  a  steel 
wire  was  interposed  between  it  and  the  other  pole,  the  most 
vivid  ignition  which  I  ever  saw  was  induced.  I  should  deem  it 
imprudent  to  repeat  the  experiment  without  glasses,  as  my  eyes, 
though  unusually  strong,  were  affected  for  48  hours  afterwards. 
If  the  intensity  of  the  hght  did  not  produce  an  optical  deception 
by  its  distressing  influence  upon  the  organs  of  vision,  the  char- 
coal assumed  a  pasty  consistence,  as  if  in  a  stota  approaching 
to  fusion.  That  charcoal  should  be  thus  softened^  without  being 
destroyed  by  the  oxyg^  of  the  atmosphere^^  will  not  appear 
atenge,;When  the  power  of  galvanism  in  reversing  chemical  affi^ 
nities  is  remambered ;  and  were  J  t  otbem^isei  the  air  covid  have 
no  access  ;i  toad,  because  of  the  excessive  <rurefaction,  and  in  the 
next  place,  as  I  saspect,  on  account  of  •  the  volatiliiatioA  of  the 
OBskon  foraiing^  about  it  a  circoaambient  atmosphere.  This 
last  inentioned  impression  arose  from  observing  tkat,  when  the 
experiaient  was  performted  in  vacuo,  there  was  a  livfe^y  scintilla^ 
«an,  as  if  the  carbon  in  an  aerif  orm  stale  acted  as  a  supporter  of 
combustion  on  the  metal. 

A  wire  of  platina  (No.  IG)  was  fused  into  a  globule  on  being 
connected  with  the. positive  pole,  aijd  brought  into  contact  with 
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^  piece  of  pure  hydrate  of  potash,  situated  on  a  aiifcr  tray  in 
connexion  with  the  other  pole.  The  potaah  became  fed*ba^ 
tokd  was  deflagrated  npidly  with  a  flaaie  having  the  roay  hue  of 
potassarettied  hydrogen. 

The  great  apparatus  of  the  Royal  ,lnatitution»  s»  pmfaetUe 
flower,  WAS  from  six  to  eight  times  more  potent  than  mine*  tt 
produced  a  discharge  between  charcoal  points  when  removed 
/abont  four  inches  apart,  whereas  mine  will  not  produce  at 
more  than  three-fourths  of  an  inch.  Bat  that  was  a  aenes  of 
.fiOOO  pairs  ;  mine  is  only  about  a  twentjr-fifth  partas  large. 

A  steel  wire  of  about  cne*tenth  of  an  inch  in  diameter  affixed 
to  the  negative  pole  was  passed  np  through  the  axis  of  an  open 
necked  inverted  bett  ^ass  ^ed  with  water.  A  plalina  wire, 
'^o.  W,  attached  to  a  positive  pde,  being  passed  down  to  the 
steel  wire,  both  were  fused  together,  and  cooling,  could  not  be 
sepdiated  by  manual  force.  Immediately  after  this  incorpora- 
tion of  their  extremities,  the  platina  wire  becaiiie  lacaadescent 
for  a  space  of  some  niches  above  the  surface  of  the  water. 

A  piece  of  silvered  paper,  about  two  inches  square,  was 
fold'  '1  up,  the  metallic  surface  outward,  and  fastened  mto  vices 
afiixed  to  the  poles.  Into  each  vice  n  wire  was  screwed  at  the 
same  time.  The  fluid  generated  by  the  apparatus  was  not  per- 
ceptibly conveyed  by  the  silvered  paper,  as  it  did  not  prevent  the 
wires  severally  attached  to  thepoies  from  decomposing  water,  or 

■producing  ignition  hv  contact. 

In  my  memoir  on  my  theory  of  galvanism,  I  suggested  tiiat 
the  decomposition  of  water,  which  Wollaston  effected  by  mecha- 
nical electricity,  might  not  be  the  effect  of  divellent  attnactioQ 

'^ke  those  excited  by  the  poles  of  a  voltaic  pile,  but  of  a  mecha- 
nical  concussion,  as  when  wires  are  dispersed  by  the  discharge 
of  an  electrical  battenr*  In  support  of  that  opinion,  I  will  now 
observe,  tluit  he  coa(d  not  prevent  hydrogen  and  oxygen  fron 
being  extricated  at  each  wire,  instead  of  hydrogen  being  given 
off  only  at  one,  and  oxygen  at  the  other,  as  is  invaiiamy  Ae 
case  when  the  voltaic  pile  is  emplo^red.  That  learned  and  inge- 
nious philosopher,  in  ooncladins  his  account  of  this  celebrated  , 

v«xpertment,  says,  but  in  fact  me  resemblance  is  not  complete, 
for  in  every  way  in  which  1  have  tried  it,  1  observed  each  wire 
save  out  l)Oth  oxygen  and  hydrogen  gas,  instead  of  liheir  beiiig 
formed  separately  as  by  the  electric  pile." 

Is  it  not  reasonable  to  suppose  that  an  electrical  shock  may 
di.b.:)ipiUe  any  body  into  its  elementary  atoms,  whether  simple  or 
compound,  so  that  no  two  particles  would  be  lett  tugether  which 
can  oe  st  panited  by  physical  means. 

Lookino  over  Smger's  Electricity,  a  recent  and  most  able 
modern  publication,  I  find  that  m  tiie  explosion  of  brass  wire  by 
an  electrical  battery,  the  copper  and  zinc  actually  separated* 
He  says,  page  186,  "  Brass  ^v!^e  is  sometimes  decomposed  by 
the  charge  ^  the  copper  and  huq  of  which  it  is  formed  being 
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iieparated  from  each  other,  and  appearing  in  tiieur  distinct 
metallic  colours.''    In  the  next  page  of  the  same  work,  I  find 
Miat  tbe  oxides  of  mercury  and  tin  aoa reduced  by- Metrical  dis- 
charges.     Introduce/'  says  the  author,    some  oxide  of  tm 
into  a  glass  tube,  so  that  when  the  tube  is  laid  horizontal,  the 
oxide  may  cover  about  half  an  inch  of  its  lower  iateroal  surfeoe. 
Place  the  taba  on  die  table  of  the  universal  discharger,  and 
introduce  the  pointed  wires  into  its  opposite  ends,  that  the  por- 
tion of  oxide  may  lay  between  them*    Pass  several  strong 
charges  in  succession  through  the  tube,  replacing;  the  oxide  in 
its  bituatioii,  ?  iiould  it  be  aibperscd.    If  the  charges  aie  suffi- 
ciently poweiiiil,  u  part  of  the  tube  will  soon  be  stained  with 
uxetallic  tui  which  has  been  revived  by  the  action  of  transnutled 
electricity."    It  canuut  be  alleged  that  in  such  decom petitions 
the  divelieiit  polar  attractions  are  exercised  like  those  winch 
characterize  the  action  of  wire  proceeding  Irom  the  poles  of  ;i 
voltaic  apparatus.    The  particles  were  dispersed  from,  instead 
ot  being  attracted  to  the  wires,  by  which  the  induence  was  con- 
<veyed  among  them.   This  being  undeniable,  it  can  hardly  be 
adwuced  that  we  are  to  have  one  mode  of  explaining  the  separ 
talion  of  the  elements  of  brass  by  an  electrical  discharge,  ano- 
.ther  of  explaining  the  separation  of  the  elements  of  water  by  the 
•ame  agent*    One  rationale  when  oxygen  is  liberated  from  tin, 
'UwlAiiodier  when  liberated  by  like  means  from  hydroeen.  In 
the  expeiiment  in  which  copper  was  precipitated  by  &e  same 
.phiiesopber  at  the  ne^tive  pole,  we  are  not  informed  whether 
.the  oKygea  and  acid  in  union  with  it  were  attracted  to  the  odiar, 
and  the  changes  produced  in  litmus  are  mentioned  not  as  simul* 
taiieuuii,  but  successive.  The  viok  t  and  red  rays  of  the  spectrum 
have  an  opposite  chemical  iullucncc  m  ^some  degree  hke  that 
voltaic  ipoles,  but  this  has  not  led  to  the  conclusion  that  the 
cause  ot  galvaiiism  and  light  is  the  same.    Besides  admitting 
that  the  feeble  results  obtained  bv  Wollaston  and  A^au  Marum 
>^ith  electrical  niaclunes  are  perfectly  analotj^oiis  to  those  ob- 
tamed  by  the  galvanic  pile,  ere  it  can     come  an  objection  to 
my  hypothesis,  it  ought  hrst  to  be  shown  that  the  union  between 
caloric  afid  electricity,  which  I  suppose  productive  of  galvanic 
phenomena,  cannot  be  prodnced  by  that  very  process.    If  thay 
c<»inbMie  to  form  the  galvanic  fluid  when  extricated  by  ordinary 

faWanic  action,  they  must  have  an  affinity  for  each  otiier.  As 
have  suggested  in  my  memoir,  when  electricity  enters  the 
'pores  of  a  metal,  it  may  unite  with  its  caloric.  In  WoUaston's 
experiments,  being  constrained  to  enter  the  metal/  it  may  com.- 
bine  with  enough  of  its  caloric  to  produce,  when  emitted,  results 
dightly  approaching  to  those  of  a  flnid  in  which  caloric  exists  in 
greater  proportion. 

*But  once  mure  I  demand  why,  if  mechanical  electricity  be 
too  intense  to  produce  galvanic  phenomeiia,  bhuuld  it  be  ren- 
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dered  more  capable  of  producing  them  by  being  &tiU  more 

conceatrated. 

If  the  one  be  generated  more  copiously,  the  other  more 
iatensely,  the  first  will  move  in  a  large  stream  slowly,  the  last  in 
a  BOMtll  stream  rapidly.  Yet,  by  narrowing  the  channel  of  the 
latter,  Wdlastoa  is  supposed  to  render  it  more  like  the  former; 
tlMt  iBy  produces  a  resemblaiice  by  increasing  the  supposed 
source  oi  dissimilarity. 

It  has  been  ioiagined  that  the  beneficial  effect  of  his  contri- 
fSBCe  arises  from  the  production  of  a  continued  stream^  instead 
of  a  succession  of  sparks ;  but  if  a  continued  stream  were  the 
ddy  desideratum,  a  point  placed  near  the  conductor  of  a  power- 
M  machine  would  afford  this  requisite,  as  the  whole  product 
may  in  such  cases  be  conveyed  by  a  sewing  needle  in  a  stream 
peilectly  continuous.    As  yet  no  adequate  reasons  have  been 
given  why,  ui  operating  with  the  pile,  it  is  not  necesstiry,  as  in 
the  processes  of  V^an  Marum  and  Wollaston,  to  enclose  the  wires 
in  glass  or  sealing  wax,  in  order  to  make  the  electricity  emanate 
from  a  point  within  a  conducting  fluid.    The  absence  of  this 
necessity  is  accounted  for,  according  to  my  hypothesis,  by  the 
indisposition  which  the  electric  fluid  has  to  quit  the  caloric  in 
union  with  it,  and  the  almost  absolute  incapacity  which  caloric 
has  to  pass  through  fluids  unless  by  circulation.   I  conceive  that 
in  galvanic  combinations,  electro-caloric  may  circulate  through 
the  fluid  from  the  positive  to  the  negative  surface,  and  through 
the  metal  from  the  negative  to  the  positive.    In  the  one  case 
osloric  subdues  the  disposition  which  electricity  has  to  diffiise 
itsdf  through  fluids^  and  curries  it  into  circulation.  In  the  other, 
as  metal^  are  excdlent  conductors  of  caloric,  the  prodigious 
power  which  electricity  has  to  pervade  them  agreeably  to  any 
attractions  which  it  may  exercise,  operates  almost  without 
restraint.   This  is  fully  exemplified  in  my  galvanic  deflagrator, 
where  80  pairs  are  suspended  in  two  recipients,  40  successively 
in  each,  and  yet  decompose  potash  with  the  utmost  rapidity, 
and  produce  an  ahnost  mtolerable  sensation  *  when  excited 
only  by  fresh  river  water.    1  have  already  observed  that  the 
reason  why  galvanic  apparatus,  composed  of  pairs  consisting 
each  oi  one  copper  and  one  zinc  plate,  have  not  acted  well  with- 
out insulation  t  was  because  electro-caloric  could  retrocede  in 
the  negative  as  well  as  advance  in  the  positive  direction.    I  will 
now  add  that,  independently  of  the  greater  effect  produced  hj 
the  simultaneous  immersion  of  my  SO  coils^  their  power  is 
improved  by  the  proximity  of  the  surfaces,  which  are  only  abost 

*  I  doilot  say  shock,  as  it  is  matt  like  the  permanent  im|MffaMan  nf  a  pointad  wni 

and  when  an  acid  is  used,  of  a  hot  one. 

-f-  That  is,  Avith  the  same  mass  of  conducting  fluid,  in  intact  vritli  all  the  siirfacw, 
instead  of  being  divided  into  different  portions,  each  restricted  in  its  action  to  one  oomBcr 
jod  one  xbic  wMtm 
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three-sixteenths  of  an  iuqh  aaumder ;  ao  that  the  eircttiaAion  Boay 
go  on  more  rapidly. 

Pursuant  to  the  doctrme,  which  supposes  the  same  quantity 
of  electricity,  varying  lu  intensity  in  the  ratio  ^  tte  Ailfldbef  <^ 
.pairs  to  the  quantity  of  surfacie,  to  be  the  sole  a^ent  in  gtifttM 
Ignition,'  iiie  electrical  fluid  as  evolvfid  by  Sir  U,  Davy's  gteat 

Stle  must  have  been  nearly  two  tKotttund  times  mote  iolemi^ 
lan  as  eY<^ved  by  a  sinde  pair,  yet  it  ga^e  sparks  at  no  greata' 
distance  than  the  thirtieu  or  fortieth  of  ua  inoh.   The  ialeasi^ 
of  the  fluid  n^ist  be  at  least     much  greater  in  one  instanea 
tfcaa  in  another,  as  the  sparks  prodaoed-by  it  are  longer.  A  fine 
electrical  platie  mi^cbinep  of  32  inches  diameter^  will  ^e  sparks 
at  10  inches.   Of  course  the  intensity  of  the  fluid  which  it  emita 
must  be  300  times  greater  than  that  emitted  by  2000  pairs* 
The  intensity  produced  by  a  siiiule  pair  must  be  2000  time^  less 
than  that  produced  by  the  irieat  pile;  and,  of  course,  600,000 
times  less  than  that  produced  by  a  good  electricul  plate  of  32 
inches.    Yet  ti  single  pair,  of  about  a  square  foot  in  area,  will 
certainly  defiaa  rate  more  wire  than  a  like  extent  of  coated  sur- 
face charged  by  such  a  plate.    According  to  Singer,  it  requires 
about  160  square  inches  of  coated  glass,  to  destroy  watch  pen- 
dulum Wire ;  a  larger  wire  may  be  burned  off  by  a  galvanic 
battery  of  a  foot  square.  .  But  agreeably  to  the  hypothesis  in 
dispute,  it  compeiisates  bv  quantity  for  the  want  of  intesBi^. 
Hence  the  quantity  of  fluid  in  the  pair  is  600,000  tpies*  greater, 
while  its  intensity  is  600,000  times  less ;  and  vice  ttenm  «f  the 
coa^  surface.   Is  not  this  absurd  ?  What  does  intensity  mecua 
as  applied  to  a  fluid  ?  Is  it  not  expressed  by  the  ratio  of  quantity 
to  space  ?  If  there  be  twice  as  much  eleetriei^  wiliiin  one  cabie 
inch,  as  within  another,  is  there  not  twiee  uie  intenlttf  ?  Bot- 
khe  one  acts  suddenly,  it  may  be  said ;  the  other  slowly.  But 
whence  this  difference  ?  They  may  both  have  exactly  the  same 
sur(Lice  to  exist  in.    TJie  same  zinc  and  copper  plates  may  be 
used  ior  coatings  first,  and  a  galvaiuc  pair  afterwards.    Let  it  ' 
be  said,  as  it  may  m  truth,  that  the  charge  is,  in  the  one  case, 
attached  to  the  s^lass  super^cies  ;  in  the  otner,  exists  in  the  pores 
of  the  metal.    But  why  does  it  avoid  these  pores  in  one  case, 
and  reside  m  them  in  the  other  ?  What  else  resides  m  the  pores 
of  the  metal  which  may  be  forced  out  by  peicussion?  Is  it  not 
caloric  ?  Possibly,  unless  under  constraint,  or  circumstances  . 
favourable  tp  a  union  betv^een  this  principle  and  electricity,  the 
latter  cannot  enter  the  aietallic  pores  beymd  a  eertain  degree  of 
saturation ;  and  henee  an  electrical  charge  does  not  reside  in  the 
metallic  coating  of  a  Leyden  phial,  though  it  fuses  the  wire 
which  forms  a  circuit  between  Ihera* 

It  is  admitted  that  the  action  of  the  galranio  fluid  is  npen,  or 
between,  atoms  i  while  mechanica!  electricity,  when  uncoerced, 
aets  only  upon  masses.  This  difference  has  not  been  explaiBed 
Unless  by  my  bypothe^sis,  in  which  caloric,  of  which  the  influenoa 
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is  onl^r  exerted  betwe^  atoms,  is  supposed  to  be  a  principal 
agent  in  galvanism.   Nor  has  any  other  reason  beea  given  that 

water,  which  dissipates  pure  electricity,  should  ca&de  the  galva- 
'liic  iiuid  to  accuniulate.  From  thu  prodigious  effect  which  moist 
air,  or  a  moist  surface,  has  in  paralysing  the  most  efficient 
macliiiies,  I  am  led  to  suppose,  that  the  conducting  power  of 
moisture  so  situated  is  greater  than  liiat  of  water  under  its  sar-  , 
face.  The  puvver  of  this  fluid  to  conduct  mechanical  electricity  ' 
is  uiilairlv  contrasted  with  that  of  a  metal,  when  the  former  is 
enclosed  iu  a  glass  tube,  the  latter  bare. 

According  to  Singer,  the  electrical  accunmlation  is  as  great 
when  water  is  used  as  when  more  powerful  menstrua  are 
employed ;  but  the  power  of  ignition  is  wanting  until  these  are 
resorted  to.  De  Luc  showed,  by  his  ingenious  dissections  of 
the  pile,  that  electricity  might  be  produced  without,  or  icuh 
chemical,  power*  The  rationale  of  these  differences  never  has 
been  given,  unless  by  my  theory,  which  supposes  caloric  to  be 
present  in  the  one  case,  but  not  in  the  otner.  The  electric 
column  was  the  fruit  of  De  Luc's  sagacious  inquiries,  and 
afforded  a  beautiful  and  incontrovertible  support  to  the  objec- 
tions he  made  to  the  idea,  that  the  galvanic  Huid  is  pure  electri- 
city, when  extricated  by  the  voltaic  pile  in  its  usual  form.  It 
showed  that  a  pile  really  producing  pure  electricity  is  devoid  of 
the  chemicalpower  of  galvanism. 

We  are  informed  by  Sir  H*  Davy  that,  when  charcoal  points 
in  c^nection  witli  the  poles  of  the  magnificent  apparatus  with 
tvehich  he  operated,  were,  first  brought  nearly  into  contact,  and 
then  withdrawn  four  inches  apart,  there  was  a  heated  'arch 
formed  between  them,  in  which  such  non-conducting  substances 
as  quartz  were  fused.  I  believe  it  impossible  to  fuse  electric* 
by  mechanical  electricity.  If  opposing  its  passage,  they  may 
i)e  broken,  and  it  conductors  near  them  be  ignited,  they  may  be 
.  acted  on  by  those  ignited  conductors  as  if  otherwise  heated;  but 
I  will  venture  to  predict,  lluit  the  slightest  glass  fibre  will  not 
enter  into  fusion  by  being  placed  in  a  current  from  the  largest 
machine,  or  electrical  battery. 

1  am  induced  t  >  belie vo  that  we  must  consider  light,  as  v.ell 
as  heat,  an  ingredient  in  the  galvanic  fluid  ;  and  think  it  pos- 
sible, tha,t,  bemg  necessary  to  vitahty  in  animals,  as  well  as 
vegetables^  the  electric  doid  may  be  the  vehicle  of  its  distri- 
bution. 

1  will  take  this  opportunity  of  stating,  that  the  heat  evolved  ; 
by  one  galvanic  pair  has  been  found,  by  the  experiments  v.hich  , 
linstitQibedy  to  increase  in  quantity^  but  to  diminish  in  intensity, 
as  the  size  of  the  surfaces  may  be  enlarged.   A  pair  containing  , 
about  50  square  feet  of  eacn  metal  will  not  fv^e  platina,  nor 
deflagrate  iron»  however  i^all  may  be  the  wire  employed;  for  | 
the  heat  produced  in  metallic  wires  is  not  improved  by  a  reduc- 
;tion.  in  their  size  beyond  a  certain  point.  Tet  the  metals  above- 
»  « 
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mentioned  are  easily  fused  or  deflagrated  by  smaller  pairs, 
which  would  have  no  perceptible  influence >  on  masses  that 
might  be  sensibly  ignited  by  larger  pairs.   These  characteristics 
were  fuUy  demonstrated,  not  only  by  my  own  apparatus,  but  by 
those  constructed  by  Messrs.  Wetherill  and  Peale,  and  whicE 
were  larger^  but  less  capable  of  exciting  intense  ignition.  Mr*- 
Peale's  apparatus  contained  nearly  70  square  feet,  jMr.  Wethe-- 
irilPs  nearly  100,  ia  the  ibrm  of  concentric  coils,  yet  neither  could- 
produce  a  heat  above'  redness  on  the  smallest  wires.   At  my 
suggestion,  Mr.  Peale  separated  the  two  surfaces  in  his  coils  into 
four  alternating,  constituting  two  galvanic  pairs  into  one  reci- 
pient.  Iron  wure  was  then  easily  burned,  and  platina  fused  by  it.  • 
These  facts,  together  with  the  incapacity  of  the  calorific  nuid 
extricated  by  the  calorimeter  to  permeate  charcoal,  next  to 
metals,  the  best  electrical  conductor,  must  sanction  tlie  position 
I  assigned  to  it  us  being  in  the  opposite  extreme  from  the 
^columns  of  l)e  Luc  and  Zamboni.    Fur,  as  in  these,  the  pheno^ 
mena  are  such  as  are  characteristic  of  pure  electricitv,  so  in  one 
very  large  galvanic  pair,  they  almost  exclusively  demonstrate  the 
agency  of  pure  caloric. 


P.  S.  Since  writing  the  above,  I  have  endeavoured  in  every 
mode  which  I  could  devise  to  ignite  charcoal  by  electricity. 
Exposed  to  the  discharge  of  a  powerful  battery  in  pieces  taper- 
ing to  a  point,  in  a  glass  tube,  in  thin  strips,  and  in  powder^  by 
means  of  the  glass  usually  employed  fqr  inflaming  ether,  it  was 
either  uninfluenced,  or  merely  dispersed,  without  the  smallest 
symptom  of  ignition,  or  even  of  increased  warmth.  Yet  fulmi- 
nating mercury  was  flashed  by  the  discharge,  under  the  satne 
circumstances  as  those  in  which  the  powdered  charcoal  had  been 
subjected  to  it.  Hie  result,  thereiore,  was  such  as  might  be 
expected  from  a  mechanical  concussions^  Pointed  wires  were 
covered  with  spermaceti,  and  exposed  to  a  current  from  a  fine 
plate  machine  of  32  inches  diameter ;  yet  no  sign  of  fusion 
appeared.  Nor  was  a  diflerential  thermometer  filled  with  ether, 
according  to  Dr.  Howard's  sagacious  plan,  affected  sensibly, 
though  the  warmth  of  a  finger  applied  to  the  bulb  caused  the 
fluid  in  the  stem  to  move  nearly  a  foot. 

1  mentioned  ui  ihe  memoir,  p.  332,  that  when  a  knob  of  lead 
suspended  by  a  filament  to  one  of  the  poles  of  my  deflagrator 
"Was  uiude  to  touch  the  other  pole  of  the  same  instrument,  the 
knob  was  fused,  the  filament  uninjured.  I  find  the  reverse  is 
the  case,  when  a  knob  suspended  by  a  filament  is  made  the 
medium  of  discharging  an  electrical  battery.  The  filament  iss 
destroyed,  the  knob  remains  unchanged.  It  must  be  evident, 
therefore,  that  gah  anic  and  electrical  ignition  are  extremely 
discordant  in  their  characteristics. 

It  is  also  mentioned  in  the  memoir  that  a  piece  of  silFere 
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paper,  two  inches  square,  proved  inadequate  to  discharge  my 
*  galvaQic  apparatus  of  coilsy  yet  at  a  distance  70  tiines  greater, 
a  strip  of  tbe  same  paper,  one*tbtrd  of  an  inch  wide,  and  20 
inches  long,  caused  an  instantaneous  discharge  of  tbe  deodieal 
batteiy. 


Article  III* 

Ji  Mathematical  Iiiqidty  into  the  Causes,  haws,  and  principal 
Phaaomma  of  Heal,  Gases,  Gravitation ^  6ic,  By  John  He- 
rapath.  Esq,  \iu  a  Letter  to  D.  Gilbert,  Esq.  MP.  VPllS,  &o.) 

Op  tub  Laws  ov  Gaseous  Bobibs. 

Definitiom. 

Def,  1 . — The  homogeneity  of  a  gas  is  the  perfect  equality  of  its 
atoms,  or  particles,  throughout,  in  quantity  of  matter,  ft  is  of 
no  consequence  whether  the  atoms  are  similar  in  figure  or  not; 
their  figures  might  be  very  different,  provided,  however,  the 
quantity  of  soUd  matter  in  each  is  the  same. 

Def  \  2. — Density  is  the  quantity  of  matter  in  a  glren  space, 
when  the  atoms,  or  particles,  whatever  be  their  retativo  mffi* 
'  tudes,  are  uniformly  di^^osed  in  the  medium. 
^  Cor.  1. — ^The  mean  density  of  any  body  is,  themfiNre,  propor- 
tional to  the  whole  quantity  of  matter,  divided  by  the  whols^bMlk, 
or  magnitude  of  the  oody. 

Cor»  2. — In  a  homogeoeous  body,  the  density  is  e^oal  to  the 
mass  of  an  atom  drawn  into  the  number  contained  in  a  gi?QP 
space. 

DcJ.  3. — Nume Latum  is  a  term  I  have  employed  to  express 
the  number  of  atoms,  or  particles,  distnbuted  throughout  a  given 
space,  without  respect  to  the  density  or  homogeneity  oi  tb^ 
body. 

Cor. — Hence  the  numeratom  of  a  homogeneous  body  is  pro- 
'portional  to  the  density  directly,  and  the  mass  of  a  particle,  or 
atom,  inversely. 

This  conclusion  might  also  have  been  drawn  irom  Cor.  2  af 
the  preceding  definition! 

DeJ\  4. — ^Ine  elasticity  of  a  gas  is  the  force  with  vhich  it 
endeavours  to  expand  itself,  or  with  which  it  resists  dompni- 
sion;  and  is  estimated  by  the  amount  of  its  action  agaunt 
similar  and  equal  portions  of  tlie  containing  bodies. 

Obmbraz*  Consideeatioks  on  Force  and  the  Constitv- 

TioTT  of  Gaseous  Bohibs. 

Force  is  the  cause  of  any  change,  or  is  that  power,  by  which 
the  change  is  produced.    If,  theicioie,  a  body  be  perfectly  (iree 
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to  yiekl  to  tiny  change  of  state,  and'acme  take  place,  it  Ibllows, 
that  the  body  is  not  acted  onb^  any  force ;  or  if'  it  be,  it  nomet 
be  by  aaaceiiiiivittlioo  of  opposing  forces,  wfai«^,  iiithe  aggre^ 
Mle,  destroy  ei&e  another*  Mamematicians  usually  estimate' 
nifce  hf  Ae  efSect  it  produces^  <^t  woald  pcodaoe,  a  giveet 
tioie,  afid  considerthe  mtenstty  6f  the  force  as  pmportional  to 
ibe  effect.  Thus,  if  one  of  two  forces  produce  twice  the  effect 
of  the  other,  it  is  considered  to  be  doubly  as  powerful ;  if  three 
times  the  effect,  trebly  ;  and  so  on.  But  this  is  rather  estimat- 
ing the  effects  than  the  forces ;  since  it  is  possible  for  the  same 
primitive  force,  by  successive  a-ctions,  to  produce  very  unequal 
effects  in  equal  times. 

Forces  iiave  likewise  been  distinguished  into  two  knicls,  s- 
sive  and  impulsive,  or  those  which  act  by  pressure,  and  those 
which  net  by  impulsion.  The  Ibniipr  generate  changes  in  bodies 
by  a  continiied  unceasing  action,  from  the  beginning  to  the  end 
of  the  stroke,  or  fit,  of  action  ;  and,  consequently,  always  con- 
sume time.  The  latter  act  either  by  an  instantaneous  impulse, 
or  by  a  succession  of  those  impulses  ;  but  each  impulse,  indivi- 
dually considered,  occupies  not  the  smallest  |>ortion  of  time.  It 
is  an  action  that  in  one  moment  might  be  said  not  to  have  come 
into  existence ;  and  in  the  next  to  ha?e  ended.  This  is  the  kind 
of  force  we  have  now  to  consider. 

If  we  take  singte  impolses*  it  is  plain  that  the  forces  and  the 
changes  they  jproduce  are  proportional,  under  the  s«lme  ctroiinii>^ 
stances  of  action.  But  if  a  succession  of  impuises  takes  place, 
the  effects  afe  no  longer  proportional  to  the  forces,  but  to  the 
collected  actions  of  the  forces  in  equal  times.  When,  therefore^ 
Ae  forces  are  equal,  the  effects  are  proportional  to  the  numbers 
of  their  respective  repetitions;  and  when  those  forces  are 
unequal,  but  uniformly  intense  in  their  actions,  the  effects  are  in- 
the  compound  ratio  of  those  numbers  and  the  forces.  It  ts^ 
hence  manifestly  possible  for  a  weak  force,  by  a  greater  number 
of  successive  actions,  to  produce  effects  equal  to  those  of  a 
stronger  by  a  less  number  of  actions  ;  and  if  the  impulses  of  the 
two  forces  be  at  regular  intervals,  and  yet  the  intervals  of  the 
slowtr  be  not  sensible  to  observation,  the  effects  will  always 
have  the  same  ratio,  vvhateYer  be  the  length  of  time  in  which 
they  are  compared. 

These  impulses  may  also  b  i  opposed  to  a  pressive  force,  and 
effect  precisely  the  same  things.  For  let  us  suppose  a  hard 
bodv  to  be  acted  on  from  a  state  of  quiescence  by  a  continued 
force,  such,  for  instance,  as  what  w'e  commonly  conceive  gravity 
to  be,  urging  it  in  any  direction  ;  then,  after  it  has  been  impelled 
forward  for  any  length  of  time  by  this  force,  and  has  acquired  a 
eertain  mometitum,  let  it  be  met  by  another  hssd  body,  moving 
uniformly  with  an  equal  momentum  in  th6  <i|mosite  direction ; 
tod  by  onr  laws  of  collision,  it  wilt  receive  such  a  change  in  ils 
motion  liy  the  eontnct  as  witt  give  it  an  equsA  and  opposite 
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mo^eiitani  in  the  p%th  it  has  already  described^  It  will,  fJi^rer- 
fore»  bein^  acted  on  Btill  by  tl|e  soliaiting  force^iet|raoe  tbia  path, 
until,  havm^  ascended, to  the  point  whence  it  set  out|  it  has  lost 
all  its  Telocity,  and  bc^na  to^  descend  again  as  before.  As  bootl 
as  it  has-  arrived  again  to  the  place  whm  it  before  was  met  by 
the  other  body,  let  it  receive  a  second  equal  shock,  and  again 
it  will  begin  tu  ascend ;  and  so  ou  as  long  as  we  please.  Thus 
it  might  be  continually  kept  oscillating  belwccn  these  two 
points  by  impulses  properly  regulated.  And  it  the  distance 
between  the  ])oiuts  be  diminished,  the  nuniber  of  oscilhitions 
will  be  increased,  and  the  intervals  between  the  shocks  dimi- 
nished, and  the  body  consequently  approach  nearer  to  a  state  of 
apparent  rest. 

This  is  how  things  will  happen  when  the  afiPected  body  comes 
in  contact  with  only  one  other  body,  and  receives  the  strokes  in 
the  direction  of  the  track  of  its  centre  of  gravity.  But  the  same 
would  evidently  take  place,  if,  instead  of  one  body  striking  it  in 
this  identical  manner,  it  were  struck  by  seyeral  in  different  pacts 
of  its  surface,  either  all  at  once,  or  in  any  order ;  the  aggregate 
direc$;ton  and  intensity  of  whose  strokes,  howcTer,  should  be 
similar  to  those  of  the  single  body  under  similar  cireumstances^ 
Then  might  .the  body  acted  oa  by  the  force  remain  in  a  state  of 
rest,  if  not  absolute,  at  least  so  nearly  so,  as  to  differ  fromi  it 
insensibly.  Now  the  tendency  of  this  body  to  move  in  the 
diiecLioii  in  which  it  is  solicited  is  precisely  the  same  thing  as 
mathematiciaiis  understand  by  the  force,  which  they  call  pres- 
sure ;  and,  therefore,  the  opposition  of  the  other  smaller  bodies 
is  also  equivalent ;  and,  as  to  effect,  the  same  as  this  force  of 
pressure.  And  because  the  value  of  this  pressure  might  be 
increased  or  diminished  ;  by  increasing  or  diminishing  the  soli- 
citing force,  or  the  pressino-  body  ;  so  also  might  the  value  of  the 
r^esisting  force  of  the  smaller  bodies  be  increased  or  diminished, 
by  increasing  or  diminishing  their  momentum,  the  number  of 
their  collisions,  or  the  number  of  the  bodies. 

From  these  considerations  it  follows,  that  if  .a.  number  of 
sinall  bocyies  be  inclosed  in  any  hollow  body,  and  be  continually 
impinging  on  one  another^  and  on  the  sides  of  the  enclosing 
body ;  and  if  the  motions  of  the  bodies  be  conserved  by  an  eqio- 
Talent  action  in  the  sides  of  the  containing  I>ody ,  then  will  Uiese 
small  bodies  compose  a  medium,  whose  elastic  force  will  belike 
diat  of  our  air  and  other  gaseous  bodies  ;  for  if  the  bodies  be 
exceedingly  small,  the  medium  might,  like  any  aeriform  body, 
be  compressed  into  a  very  sniall  space  ;  and  yet,  li  it  had  no 
other  tendency  than  what  would  arise  from  the  internal  collision 
of  its  atoiiis.  It  would,  if  left  to  itself,  extend  to  the  occupation 
of  a  spare  ot  almost  indefinite  greatness.  And  its  teniperatuie 
remain] nLi,  the  same,  its  elasticity  .would  also  be  greater  wiiea 
occupyjiii;'  a  less,  and  less  when  occupying  a  greater  space  ;  for 
in  a  condensed  state  th^  numbea:,,of  atoms  striking  against  a 
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given  portion  of  the  containing  vessel  must  be  augmented  ;  and 
the  space  in  which  tlie  atoms  Jiave  to  move  being  less,  theii: 
returns,  or  periods,  must  be  shorter ;  and  the  number  of  them^ 
in  a  given  time,  consequently  greater,  on  both  of  which  accounts 
the  elasticity  is  greater,  the  greater  the  cotidensaUon.  Besides^ 
when  other  things  are  the  same,  the  elastic  force  augments  with, 
an  augmentation  of  temperature,  and  diminishes  with  a  diminu- 
tion ;  for  an  increase  of  temperature,  according  to  our  theory,, 
must  necessarily  be  attended  with  an  increase  of  velocity;  and, 
therefore,  with  an  incr^e  in  the  number  of  collisions.  But 
these  things  will  be  more  accurately  treated  of  presently. 

Whether  all  pressive  forces  be  not  the  same  as  this  gaseous 
action,  is  a  question  we  do  not  at  present  intend  to  consider.  It 
mi^ht  come  tinder  our  cognizance  hereafter,  when  we  shall  ha?e 
had  more  oppdrtumties  of  collating^  our  principles  with  experi* 
ments.  In  the  mean  time  it  is  sufficient  to  anticipate  that  our 
inquiries,  whatever  be  the  possibility  of  the  existence  of  another 
kind  of  pressive  force,  lead  us  to  conclude  that  nature  operates 
by  no  other. 

It  mi<^ht  be  asked  by  what  means  is  it,  if  the  parts  of  the  gases^ 
are  absolutely  hard,  that  they  are  reflected  back  into  the  medium 
ftom  the  Sides  of  the  containing  vessel  ?  This  question  is  easily 
answered,  if  we  allow  heat  to  consist  in  an  intestine  motion  ot" 
the  parts  of  the  bodies ;  for  then  the  parts  of  a  solid,  of  equal 
temperature  with  a  gas,  must  have  the  same  rjnantity,  though, 
they  have  not  the  same  freedom  of  motion  as  the  parts  of  a  2;as 
have  ;  and  hence  the  parts  of  the  gas  will  have  the  same  rejec- 
tion fsom  the  sides  of  the  vessel  that  they,  have  from  one  another.. 

Prop.  VL 

The  figure  of  the  vessel,  in  which  a  gas  is  contained,  has  no 
intuencB  on  the  efauitic  force  of  the  gas,  such  a  constitution  of 
things  being  granted  as  we  have  supposed.  • 

For  since  the  particles  of  the  gas  receive  their  reflection  fronk- 
the  superficial  particles  of  the  containing  body ;  and  since  tihesfr 
particlesr  have  not  only  their  intestine  motion,  but  likewise  their 
figure  and  arrangement,  indepe  udent  of  the  superficial  tigure  of 
the  contauiing  body,  it  follows,  tliat  the  direction  of  their  ;u  tioor 
on  the  particles  of  the  gas  is  also  independent  of  the  figure  of  the 
body  in  which  they  are  enclosed.  But  other  things  beino  alike^ 
tliis  action  is  equal  to  the  contrary  action  of  the  particU  s  ot  the 
gas,  which  constitutes  its  elastic  force  ;  theretoro,  its  elastic 
force  is  not  affected  by  the  hgure  of  the  body  in  which  it  is^ 
contained. 

Cor. — Hence  we  gather  that  in  any  bodies  of  equal  capacity 
and  of  the  raiae  temperature,  the  same,  or  an  equal  portion  of 
the  same  gas,  would  be  equally  elastic ;  for  the  motion  of  the^ 
particles  being  independent  of  the  figufe  of  the  containing  boctf- 
laust  depend  entirely  upon  the  temj^j^rature  'Of  that  -body ;  and^ 
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ttttt  bf^iig  the  Bane,  Ihe  motioii  k  thb  mme^  B«it  the  mc^Hm^ 
quantity  of  gis,  mic%fSi<^y,hiBmgO^WB^ 

tbe  msm*  Srhalimn 

'  This  theorem  and  its  cor.  agree  with  the  opinion  of  philoso-. 
pliers  respectiiig  the  elasticity  of  ga3eo¥is  bodies^  though  I  aia 
.Bot  aware  that  they  have  ever  beea  made  the  subject  of  direct 
experiment.   Indeed  it  seems  to  have  beea  takea  for  granted 
that  wlierever  the  temperatures,  spaces  occupied,  gases,  and. 
quantities  of  gas,  were  the  same^  the  elasticities  were  the  same; ' 
but  it  would  be  worth  while  to  be  more  certain  of  it.   An  expe- 
riment to  settle  this  point,  takinp^  every  circumstance  into  consi- 
deration, would,  perhaps,  reauire  us  much  care  aud  skill 
aliiiubt  diij  of  those  that  have  oeea  made  oa  gases, 

*    *  Prop.YII. 

.  If  9k  giyen  povtioa  of  a  flind  g46,  composed  of  partieleB 

!mutually  impinging  on  one  another  and  the  sides  of  the  cooiifi^ 
ing  body,  m  the  manner  that  has  beendcsonbody  has  its  temper-* 
akure  the  same;  and  if  the  particles  foe  indefiniteijf  wmaU,  its 
ehstiaforee,  under  difierent  oompresaionB^is  raciproioaftypiopQi^ 
tkmal  to  the  space  it  oeeupies. 

Let  as  suppose  thai  equal  portions  of  the  same  gas  be  enclosed' 
in  two  vessels  of  unequal  capacity.  Then,  by  the  last  Prop,  it 
is  immaterial  whether  these  vessels  he  of  the  same  or  ot  different 
figures;  the  difference  of  figures  would  liaxe  no  influence  upon 
the  ratio  of  the  elasticities  ;  but,  for  the  sake  of  bioiplicity,  we 
will  suppose  the  two  figures  similar.  Now  because  the  only 
chanfre  that  is  supposed  to  take  place  is  in  the  space  which  the 
gas  occupies,  the  motions  and  collisions  of  a  particle  in  the  one 
will  be  similar  to  those  of  a  corresponding  particle  in  the  other ; 
and  the  temperature,  that  is,  in  this  case,  the  vekioity  being  the 
mne  in  each,  the  nombecs  q£  leyolutioas  that  two  corresponding 
particles  in  the  two  media  make  in  a  given  time  must  be 
iQTersely  proportional  to  the  paths  the  particles  deseribe;  tfaatiiy 
lliea^  paths  bein^  alike  and  descnbed  with  equal  yelocmties  in 
the  inverse  snbtnplicate  ratio  of  the  spaces  occupied  by 
equal  portions  of  gases.  But  becanae  elasticity  of  a  gas  is 
proportional  to  tiie  motion  of  its.  paittoles  against  a^ven  porttos 
of  the  surface  of  the  contuning  body,  the  ratio  of  ek»lie 
feroes,  arising  from  the  repeated  actions  of  equal  numbers  of  cor- 
responding particles  in  the  two  uiedia,  will  likewise,  their 
\eiociUes  being  the  same  in  both  media,  be  inversely  as  the 
subtriplicdte  of  the  spaces  occupied.  And  if  we  conceive  the 
two  gases  to  be  divided  into  strata,  parctllcl  to  the  sides  of  the 
bodies  on  which  the  elastic  iui  ct  s  are  measured,  and  of  one,  two^ 
or  any  number  of  particles  tluck,  it  is  manifest,  since  the  motions 
gf.lhct  garticies  itre  aiike  in  each  medium,  that  ii  the  ehstwity. 
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Btrntum  akm«,  «e  k  does  also  in  the  other  mediuEii ;  and  if  it 

arises  from  the  action  of  the  particles  of  the  two  first,  three  first, 
or  «  first  strata  in  one  medium,  the  same  holds  true  with  the 
elasticity  in  the  other  medium.  But  the  number  oi  particles  of 
any  one  stratum  that  strike  at^Diust  a  given  portion  of  the  con- 
tairiinpf  surface  of  one  medmiii,  is  to  the  number  of  particles  of 
the  corrrsponding  stratum  that  strike  against  an  equal  and  simi-- 
lar  portion  of  the  other  medium,  in  the  duplisubtripiicate  ratio  of 
the  numeratoms  directly  ;  that  is,  in  the  dupiisubtriplicale  ratio 
of  the  sptices  occupied  by  equal  portions  of  the  gases  iurersely*. 
Therefore  as  the  whole  elastic  forces  of  these  corresponding 
strata  are  in  a  ratio  eomponnded  of  the  ratios  of  the  nutoberB  ef 
particles  that  stnke  aeainst  equal  portions  of  the  sides  of  the 
eontainine  lK>4ieSj  and  of  the  numbers  of  returns  which  tiiey 
anke  to  wt  sides  in  a  given  time,  lliat  ratio  must  be  eqnsl  to 
one  eoQipovaded  of  the  inverse  duplisubtripiicate  and  of  the 
iaMrerse  8ubtrrpKeaite>  ratios  of  4he  spaces  occupied  hy  the  liWo 
gases ;  it  must,  therefore,  be  equal  to  the  simple  iiiTeree  ratio  oT 
the  spaces  occupied.  And  since  the  same  number  of  strata 
affects  tiie  elasticity  of  the  one  gas  as  of  the  other ;  and  since 
the  inverse  ratio  of  the  spaces  is  the  ratio  of  the  elastic  force  of 
any  two  conn  spending  strata,  it  is  consequently  the  ratio  of  Ae 
•united  elastic  Ibrces  of  all  the  strata  that  affect  the  elasticity; 
and  IS,  therefore,  the  ratio  of  the  elastic  forces  of  the  two  gases.' 

Cor. — Because  the  nunn  ratoms  are  reciprocally  proportional 
to  the  spaces  occupied,  it  follows  that  the  elasticities  are,  under 
equal  temperatures,  directly  as  the  numeratoms. 

Scholium* 

We  have;  in  the  two  preceding  theorems  and  their  corotiariea 
supposed  the  atom»,  or  particles,  to  be  perfectly  hard ;  but  the 
same  ccAlsequences  would  follow  if  ihej  were  either  perfectly  or 
iniperfeedy  elastic,  and  the 'containing  vessel  eithei^  elastic 
hiu4.  For  the  t^perature  being  invariable,  Ae  intensity  df 
the  collisions,  and  consequently  of  the  reflections,  would  remain 
the  same  in  a  rare  as  in  a  denser  medium.  The  law,  therefore, 
that  the  elasticities  and  compressions  are  proportional,  under 
equal  temperatures,  is  true  not  only  in  permanent  airs  or  gases, 
but  in  aU  isLmds  of  vapours,  which  is  conibrmabie  to  experience. 

Prop.  VIII.  ' 

The  same  thlngrs  remaintnir,  the  elasticity  of  a  ^zas  under  a 
variabie  temperature  and  compression,  is  proporti  ual  to  its 
numeratom  and  the  square  of  its  temperatore  conjointly  ;  or  the 
elasiieity  varies  as  the  square  of  the  temperature  direetiy,  and 
the  simple  of  the  space  inv'ersely. 

'-ifwieiirtt  suppose  in  two  portions  of  the  same  gas  the  nai^e^ 
niMi|ate,be  ^^ittali  tlieHriaMieitMs  of  tiieee  peiiiens  Will  hatetiMi. 


Digitized  by  God^le 


346     Mr,  .H*ir<apath  on  the  Causes^  La  ws,  and  pnncipal  [May, 

same  ratio  as  the  eiasticitWB  arising  from  the  aotioiiB  of  cocie- 
sponding  particles  in  the  two  media;  for  the  change  of  tempera- 
tove  does  not  alter  the  manner  ia  which  the  oorresponding 
particles  act  in  the  media,  bat  only  the  intens^  or  adioiik 
This  being  the  case,  the  elasticities  <uie  to  the  actions  of  cone* 
spending  particles  are  to  one  another  as  their  momenta  and  the 
number  of  their  revolntione  or  returns  in  a  given  time;  that  isy 
as  their  temperatures  and  velocities*  But  the  masses  of  «the 
corresponding  partides  being  the  same,  the  T^ocities  are  as  the 
,  temperatures ;  therefore,  the  elasticities  due  to  corresponding 
pariicles,  and  consequently  the  elasticities  of  the  media,  are  as 
the  squaiL  s  of  the  teiii|)ci  atures.  And  by  the  cor.  to  tlie  preced- 
ing prop.  Uie  temperatures  being  the  same,  the  elasticities  are  as 
the  numeratoms.  Whence,  if  neither  the  temperatures,  nor  the 
numeratoms  are  the  same,  the  elasticities  are  in  a  ratio  com- 
pounded of  the  ratio  ol'the  mmieratoms,  and  that  of  the  squares 
of  the  temperatures,  or,  whiciiis  the  sanie,  in  a  ratio  compounded 
of  the  inverse  ratio  of  tlie  volumes  and  the  duplicate  direct  of 
the  temperatures. 

Cor,  1. — Hence  the  elasticities  are  also  in  a  ratio  which  is 
equal  to  that  compounded  of  the  sunple  ratio  of  the  numeratoms^ 
and  the  duplicate  of  the  velocities. 

Cor.  2. — And  hence  also  the  elasticities  are  in  a  ratio  com- 
pomided  of  these  three  simple  ratiop;  namdy,  the  ratio  of  the 
numeratoms^  the  ratio  of  the  temperatureSji  and  the  ratio  of  the 
▼eioctties. 

Prof.  IX. 

The  spaces  occupied  by  equal  portions  of  the  same  gas,  mider 
equal  elasticities,  are  directly  proportional  to  the  squares  of  the 
temperatures. 

For  hj  tiie  preceding  proposition,  the  elasticity  varies* as  the 
nmneratom  and  the  square  of  the  temperature  oonjointljr ;  there- 
fore, the  elasticity  being  constant,  the  numeratom  is  inverady 

as  die  square  of  the  temperatures.  Bat  the  quantity  of  gas 
being  the  same,  the  space  occupied  is  reciprocally  as  tne  nume-^ 

ratora ;  consequently  the  space,  or  volume,  is  directly  as  the 
^square  of  the  teaiperature.  ' 

Cor.  1. — Because  this  is  true  oi"  any  gas,  it  follows  that  equal  ^ 
volumes  of  any  gases  whatever,  under  equal  pressures  and  lem-s 
peratures,  will  be  equally  augmented  by  equal  augmentations  of 
tem|)erature. 

Cor.  2. — Or  more  generally,  if  the  elasticities  of  any  two  gases 
have  an  invariable  ratio,  and  if  their  temperatures  also  have  tsi 
invariable  ratio,  their  volume  s  will  have  an  invariable  ratio. 

Cor,  3,— It  has  been  found  by  MM.  Dalton  ami  Gay-Lussac, 
and  lately  confirmed  by  the  further  experiments  of  MM.  Dnlong 
and  Petit,  that  the  volume  of  a  given  portion  of  gas  at  the  tem- 
perature of  water  freezing  is  .to  its  volume  under  .an  eqaal  prefix 
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sure  at  the  temperature  of  water  boiling  as  8  to  IL  Thevefoie; 
granting  the  tnitk  of  our  princif^s,  we  temperature  of  water 

tr^e2du^  is  to  that  of  water  boiling  in  the  subduplicate  ratio  of 
.  8  to  1 1  ;  that  is,  nearly  in  the  ratio  of  6  to  7  ;  or,  more  nearly,  in 
that  of  100  to  117,  01  that  oi  o79  to  679. 

Cor,  4 — Because  the  temperatures  are  in  the  same  gas  as  the 
velocities,  the  spaces  occupied  at  equal  elasticities  are  as  the 
square  of  the  velocities. 

Cor,  5. — It  has  been  demonstrated  by  tlie  experiments  of  phi- 
losophers, that  the  volumes  of  mercury  and  air,  under  the  same 
pressure,  go  on  pari  passu  within  certain  limits  ;  namely,  kom 
about  —  36  of  centigrade  to  nearly  150.  There- 
fore, let  A  B  hv  a  common  mercurial  thermome- 
ter, of  which  F  IS  the  freezing  and  B  the  boihng 
point  of  w  ater ;  and  let  the  tube,  or  a  line  by  the 
side  of  it,  be  continued  to  the  point  C,  «o  that 
B  C  :  F  C  ::  11  :  8  ;  and  let  C  B  be  made  the 
axis  of  a  parabola,  whose  vertex  iaC ;  then  will 
any  semiordinate  M  P,  between  the  limits  / 
(—  36)  and  L  (nearly  160),  drawn  from  the  sur- 
&ce  M  of  the  mercury,  represent  the  tempera- 
ture of  the  body  in  which  the  thermometer  is 
plunged ;  and  C  M  the  volume,  diie  to  the  ex« 
pansion  of  air  under  the  same  temperatare  and  a  unifom 
pressure. 

From  these  circumstances  it  appears,  that  the  measures  which 
have  been  taken  by  MM.  Dulong  and  Petit,  in  their  late  memoir 
on  the  communication  of  heat,  are  not  proportional  to  the  tem- 
peratures, as  they  imagine,  but  to  the  squares  of  the  temper^ 
atures. 

Cor.  6. — Since,  li  the  tciuperatures  are  the  same,  the  volumes  v 
are  inversely  proportiunal  to  the  elasticities,  it  loilows  that  the 
volumes  being  the  same,  the  squares  of  the  tempei  atures  are  as 
the  elasticities.  Hence,  therefore,  the  same  results  would  be 
obtained  by  measuring  the  temperatures  by  the  elasticities,  under 
an  invariable  volume,  as  by  the  volumes  under  an  mvaiiable 
compression,  which  is  conformable  to  what  MM.  Dulong  and 
Petit  say  they  have  found  from  experiment.  This  same  inference 
1  had  drawn  from  theory  several  years  before  Dulong  and  Petit 
had  made,  or  at  least  had  punlished  their  experiments ;  and  upon 
this  principle  I  had  contrived  a  thermometer  by  means  of  hydro 
gen  and  mercury,  the  description  of  which  I  have  by  me. 

Scholium, 

,  In  the  preceding  theorems  and  their  corollaries,  wehave  not  con» 
sidered  whether  the  media  be  homoffeneous  or  not,  or  whether  their 
.  particles  be  similar  or  dissimilar.  The  theorems  are  totally  inde* 
peiulent  of  all  c<Hisiderations  of  homogeneity  or  similarity,  and 
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are,  therefore,  equally  applicable  to  all  gases,  simple,  or  com- 
pound,  supposing,  however,  their  particles  to  be  nidetinitely 
small,  or  their  diameters  to  have  no  sensible  proportion  to  the 
fines  they  describe.  . 

One  of  the  longest  known  laws  of  ijaseous  bodies  is,  that  of 
I^e  volume  being  reciprocallv  proportional  to  the  eld  tiriry. 
This  law  is  demonstrated  in  prop.  7,  and  is  one  that  I  havt  been 
careful  to  establish  by  a  clear  and  explicit  proof,  as  v\t*il  on 
account  of  its  own  importance,  as  oi'  its  being  the  foundation  of 
most  of  my  other  deductions  on  tlie  properties  of  gaseous  bodies. 
I  have,  however,  shown,  in  the  schohum  to  prop.  7,  that  the 
same  law  would  result  from  the  supposition  of  the  particles  being 
cither  perfectly  or  imperfectly  elastic.  But  though  this  is  tree  ' 
VBk  the  present  instance^  it  is  not  so  universally.  For  if  we  sup^ 
pote  a  medium  to  be  composed  of  elastic  particles,  and  to  be 
kept  in  a  gaseooB  state  by  the  actions  of  its  parti des  on  one 
another^  auad  on  the  pailieles  of  the  oontaining  body ;  and  if  we 
also  suppose  the  temperature  ta  be  equal  to  the  momenta 
which  these  gaseous  particles  impress  on  the  particles  of  the 
other  bodies,  then  we  fmd  that,  in  order  to  preserre  the  temper* 
ature  of  the  coutaining  body,  the  gaseous  particles'  must  have 
such  motions  as  will  repel  the  particles  of  the  containing  body, 
with  momenta  equal  to  the  momenta  which  thev  had  prerioas 
Us  the  contact.  ■  Bat  to  do  this,  the  particles  of  the  gas,  if  they 
and  the  particles  of  the  containing  body  are  unequal,  wiMhave 
diflferent  motions  before  and  after  the  collision,  which  is 
evidently  absurd.  And  if  the  gas  should  be  transferred  into  a 
different  body,  wliosc  particles  are  larger  or  smaller  than  the 
particles  of  the  other  body,  the  temperature  and  elasticity  of  the 
gas  will  be  changed,  though  both  the  capacity  and  tenijierature 
of  the  two  containinp^  bodies  should  be  the  same.  Besides,  the 
temperatures  of  the  oas  and  of  the  containing-  bodies  would  never 
be  the  same,  if  their  particles  were  unenual.  Nor  could  a  q;as, 
constituted  of  elastic  particles,  follow  the  laws  of  either  of  the 
other  propositions. 

If  any  method  were  known  of  experimentallv  determming  the 
ratio  of  the  temperatures  of  two  bodies,  we  might  easily  devise 
ways  enough  of  putting  our  theory  to  the  test  of  observation ;  but 
since  tiiis  is  not  the  case,  independent  of  theoreips  ilrawn  from 
our  ^principles,  we  are  obliged  to  search  for  such  consequences 
>as  are  not  under  the  controul  of  the  ratio,  or  of  the  quantity  of 
.temperature.  The  inference  drawn  in  the  first  cor.  to  prop.  9  is 
precisely  of  this  kind,  and  presents  us  with  a  law  that  is  easily 
examined  by  experiment.  Indeed  this  law  was  discovered 
several  years  ago  by  MM.  Dalton  and  Gay-Lussac,  and  has 
l«en  established  by  many  experiments.  It  is  one  of  the  most 
important  laws,  relative  to  the  expansion  and  contraction  rf 
gftseocm  bodies,  that  has  yet  bees  disoom^d ;  and  affords 
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only  a  striking  instance  of  the  coincidence  of  our  theory  of  the 
coristitution  of  gases  with  phiiinomeua,  but  also  a  fine  corrobora- 
tion of  our  theory  of  coUision., 

In  cor.  2,  I  have  oi;enerahzed  this  law,  by  which  means  we 
have  an  opportunity  of  compai  ino^  the  theory  with  phaenomena 
on  a  more  extensivi  and  varied  scale.  For  if  we  suppress  the 
ratio  of  the  temperatures,  by  making  it  the  ratio  ol  equahty,  this 
cor.  will,  in  a  variety  of  ways,  become  comparable  \vith  oljser- 
vation.  By  taking  portions  of  any  two  gfqses,  and  ineasurmg 
tbeir  elasticities  and  volumes  at  any  common  temperature,  we 
ought  by  this  cor.  to  find,  that  if  we  raise  or  diminish  the  tem- 
fMsrmtnm  equally^  and  make  the  ratios  of  th^  first  and  ftecond 
TolmDfeft  equal,  me  ratios  of  the  first  and  second  elasticities  ought 
to  be  equal.  Again,  if  the  two  temperatureB  he  equal,  and  we 
any  how  change  the  temperature^  elasticity,  and  ^ame  of  one 
i0f  the  gases ;  and  if  we  make  the  second  elasticities  and  volumes  . 
to  hold  re^pectiv^  the  same  ratios  as  the  iirst )  then  oughttliie 
second  temperature  of  the  one  gas  to  be  equal  to  the  second 
'  iemperatnre  of  the  otherw  • 

Prop.  X. 

'  If  the  ratio  of  .the  elasticMieB^f  any  two  gftsea  be,  thai;  ctf  e,to 
I,  tberatio  of  thdr  volumes  that  of  v  to  1,  and  of  their  tempera- 
-tam  that  of  i  t&  1 ;  and  if  the  elastidties;  ▼oluMs,  and  terit- 
penlam  of  these  ^aaes  be  any  h^-  varied,  so  th^t  ^e  mitim  ef 
the  seceod  elastioitiesy  folnmes,  and  temperatures,  be  respectively 
thoee  of  to  1,  V|  to  1,  and  ^,  to  1  then  will  the  ^tio  of  te^l 
be  equal  to  that  of  c  t,'V  to  t-    .  '     '  '  - 

For  let  us  call  F,  V  the  first  volunaes  ;  JB,  E  the  first  elastici- 
ties ;  and  1\  T  the  tirst  tempeiatures  of  the  gases;  and  let  V^,  Vj 
in  like  manner  denote  their  second  volumes  :  E,  their  second 
elasticities;  and  1\,  T,  their  second  temperatures.  Then  by 
hypothesis,  we  h^ve 

F :  V  ::  «  :  1  and  F,  :  V»  ::  i>, :  I 
£  :  E  ::  e  :  1       JS,  :  E,  ::  e, :  I  . 

2^   •  mm  t    •  X  X  I   •    T|  Z  1 

B«t  hy  prop*  8» 

:  jB         F  :  P  r»,  and 

E  :  E, ::  T«  V,  :  T^^  V,  and 

JE  »  £•    Ct        I  1  • 
»*  '  *  * 

'    Therefore  compoimding  these  ratios,  we  shall  get  Ey  :  E,  ore, 

I    T,*  T*  F  V,  <  :       T,«  F,  V;  and  consequentiy  e,  :  1  ii 

Cor.  1. — ^From  this  theorem  it  appears,  that  if  the  ratio  of  the 
first  temperatures  be  a  ratio  of  equality ;  and  if  the  same  be  the 
-case  with  tlie  ratio  of  the  second  temperataies,  no  matter  f^iat 
be  the  ratio  of  the  first  and  secood  tempen^es ;  and  if  the 
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same  hold  good  with  the  ratios  of  the  first  and  second  volmnes, 
then  will  the  ratio  of  the  first  elasticities  be  equal  to  that  of  the 
second.  That  is,  the  volumes  and  temperatures  of  two  gases 
always  preserving  ratios  of  equality,  however  much  these  volumes 
and  temperatures  may  vary,  the  elasticities  will  maintain  a  giv^ 
ratio.  This  is  precisely  what  follows  from  cor«  2  to  the  preced** 
ing  prop. 

Cor,  2."— Supposing  the  same  things  to  hold  good,  respecting 

the  temperatures,  the  theorem  becomes  i?,  :  1  ::    1  :  e,  S  ;  that 

is,  the  ratio  of  the  second  volumes  is  equal  to  the  ratio  com- 
pounded of  these  three  ratios  ;  namely,  the  direct  ratio  of  the 
first  elasticities,  the  inverse  of  the  second,  and  the  direct  of  the 
first  volumes. 

N.  B.  The  same  things  will  also  hold  good  in  both  these 
cor r  llaiies,  if  the  two  ratios  of  temperatures,  instead  of  being 
ratios  of  equality,  are  equal. 

Cor.  3. — In  trie  construction  of  Mr.  Leslie  s  difiercntial  ther- 
mometer, it  is  supposed,  when  the  two  balls  are  of  equal  temper- 
atures, that  the  elasticities  and  volumes  are  also  equal.  Therefore 

in  this  case,  e,  t,  and  v,  are  each  unity,  and    ^  ^  "     ^  ^*  '  I  j" 

which,  because  the  alteration  in  volume  is  but  trifling,  is  nearly 
equal  to  \/  e,  :  1.  Hence,  if  we  know  the  ratios  of  the  second 
yolumes  and  elasticities,  we  also  know  the  ratio  of  the  second 
temperatures ;  or  if  we  know  only  the  ratio  of  the  second  elasti- 
cities, this  ratio  of  the  second  temperatures  is  nearly  ascertained; 
and,  therefore,  one  of  the  second  temperatures  being  known,  the 
other,  and  the  difference  of  the  two,  become  known.  But  the 
ratio  of  the  volumes  is  easily  ascertained/  by  admeasurements 
previous  to  the  making  of  the  instrument ;  and  die  difiisTenee  in 
the  elastic  forces  is  determined  by  the  difference  in  the  altttodes 
of  the  fluid  in  the  two  legs,  from  which  and  by  keeping  one  of 
the  legs  at  a  certain  temperature,  and  by  havmg  measured  the 
elastic  force  of  the  gas  at  that  temperature,  before  the  finishing 
of  the  instrument,  we  shall  be  enabled  to  obtain  the  difference 
and  ratio  of  the  two  elasticities,  and  thence  the  temperature  of 
the  gas  in  the  other  leg. 

I  nave  for  want  of  time  but  just  menUoiied  this  inoenious  and 
useiid  little  instrument,  whose  theory  is  contained  iii  the  preced- 
ing prop,  but  he  that  wishes  to  be  tnlly  acquainted  with  itaf 
merits  and  the  vaiiety  of  purposes  to  which  it  is  applicable,  may 
consult  Mr.  Leslie's  Essay  on  Heat  and  Moisture^  g^ublished  a 
few  years  since. 

Scholium.  . 

It  has  in  cor.  o  to  prop.  8  been  remarked  that  the  augmen- 
tationa  of  volume  in  mercury  and  any  gas  have  so  nearly  a  gi^^ 
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proportioDy  between  certain  temperatures,  that  scarcely  any 
difierence  caa  be  observed.  With  this  taot^  therefofe,  it  will  be 
jxD  difficult  matter  to  exaxoine  the  preceding  theorem  by  direct 
experiment,  in  iot  more  general  way  than  we  have  yet  supposed  ; 
for  all  the  other  ratios  might  be  easily  determined  by  method^' 
already  known,  and  the  temperatures  xmght  be  measured  betweea 
the  limits  alluded  to  by  a  common  mercurial  thermometer,  eith^ 
in  the  way  that  is  pointed  out  in.  cor.  5,  prop.  8,  or  by  dividing 
the  thermometer  into  equal  parts,  letting  the  freeing  point  stana 
at  80^  and  the  boiling  at  1 10^ ;  in  which  caise  the  diyuions  would 
indicate  the  squares  of  the  temperatures.  X^us  all  the  ratios  • 
might  be  obtained  by  experiment  independendy  of  each  other  ; 
consequently,  by  combining  any  of  them  acccoding  to  the 
theory,  we  shall  be  able  to  see  whether  the  result  agrees  vntk 
that  given  by  experiment. 

^  Having  now  demonstrated,  as  they  flow  from  our  principles^ 

some  ul  the  chief  properties  of  ^raseoiis  bodies,  after  the  manner  of 
malhematicians,  and  in  away  that  I  hopewiii  salisfy  the  Royal 
Society,  both  of  the  legiliniacy  and  ounphcity  of  those  pimciples, 
I  shall  thiow  some  other  things,  which  it  appears  necessary 
to  add,  into  a  general  schohum. 

iTo  be  eoHtinucd,}  .  * 


A&Ticxjs:  IV. 

A  Memoir  onihe  Phgsiologj/  of  the  Egg,  read  before  the  JUtmean 
Soeiety  of  London^  on  march  2U  i^^Od ;  an  Abstract  of  which 
U  puolisned  in  the  Society s  Transactions.  By  John  Ayrton 
Paris,  MD.  &c*  &c. 

V 

[Having  accidentally  seen  Dr.  Paris's  paper  on  the  Physio* 
logy  of  the  Egg,  which  had  been  printed^  about  10  years 
since,  for  private  curculation,  it  appeared  to  me  to  contain  so 
much  curious  matter  that  I  was  desirous  of  inserting  it  in  the 
Annals.  Dr.  Paris  has  not  only  kindly  consented  to  my  request, 
but  has  added  several  new  and  interesting  particulars  to  his  ori- 
ginal memoir. — Edit .] 

*^  At  carte  Katnis,  si  fieri  potuisaet,  mudme  optaaset  suiim  opificiimi  eneimmortales 
.   quod  cum  per  materiam  non  liceret,  subsidium  quod  potoit  tpfli  td  immortafita* 
tern  est  fabricata,  nam  mirabilem  quandam  rationem  invenit,  quomodo  in  demoT-* 
tui  animaliH  locum,  novum  aliud  sufHciat." — Galen  dc  Usu  Fariium*  * 

The  extensive  range  which  the  Ovipari  form  in  the  scale  of 
animated  existeace  rtiiders  the  urganizatiou  and  developement 
of  the  egg  a  subject  of  great  and  g  eneral  interest  to  the  natural- 
ist^ while  the  hope  of  ascending  to.  the  source  of  vitality,  by 
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contemplating  life  at  a  period  when  the  number  and  complies^, 
tioii  of  Its  functions  are  the  least,  beeoqaes  an  irresistible  iaduce- 
ment  to  the  physiologist  to  purMie  Ike  investigatiozt :  bence  we 
find  that  the  philosophers  of  every  age  and  nation  have  devoled 
SMlch  tiaie  and  labour  to  this  inquiry.  Unfortunately,  however, 
foveeieaoev  the'infltiefice  of  chemicei.powers  in  the  eebeme  (rf 
anmal  life  has  only  of  late  been  investigated  in  reference  to  the 
problem ;  but  many  beneficial  resito  have  already  attended  this 
nm  train  of  research^  and  the  most  exhausted  topics  of  natand 
bielory  have  assumed  novel  and  very  unexpected  aspects.  The 
author,  therefore,  of  the  present  memoir  may  reasonj^bly  hope  to 
escape  the  censure  which  must  otherwise  lia\'e  awaited  the 
adventurer  who  could  pitsuine  to  beat  the  field  tliat  has  before 
been  so  ably  and  diligently  explored  by  the  united  labours  of 
Fabricius  ab  Aqua  pendente,  H:irvey,  Malpighi,  Spallanzani, 
Hunter,  and  other  physiologists.  A  powerful  phalanx  of  philoso- 
phers maintain,  with  much  plausibility,  that  the  eofg*  is  the 
universal  womb  ot  nature,  and  that  oviparous  differ  only  from 
viviiparom  animals  by  the  latter  breaking  their  ovular  bondage  f 
before  jthej  escape  from  the  parent.  Concerning  the  tram  of 
this  opinion,  which  is  comprenended  in  the  popular  aphorism, 

Omnia  ex  Ovo"  or  with  regard  to  the  success  with  wnich  the 
eloquent  Count  de  Bufibn  has  levelled  his  shafts  against  the 
partisans  of  this  theory,  I  shall  leave  abler  disputants  to  decide. 
The  observations  which  I  am  prepared  to  submit  to  your  notice 
do  not  involve  the  truth  of  either  theory,  but  are  connected  only 
witfi  those  animals  that  are  oviparotts^  in  the  common  accepts- 
tion  of  the  term ;  that  is,  who  deposit  a  germ  to  be  developed  hf 
44IUtes  totally  independent  of  parental  injluence,  ^ 

Among  the  countless  multitudes  and  varieties  of  animals,  a 
very  small  piopoi  tiou  only  are  viviparoiu,  or  produce  livins^  ofl- 
spring  :  thus  the  immense  tribes  of  birds,  fishes,  amphibious 
animals^  and  insects,  with  comparatively  iew  exceptions,!  pro- 


*  £gg* — Tb£  word  Ovum  seems  to  be  derived  from  the  Greek  wad  Oiw, 
fium^  because  it  pioduces  onljr  one  offspring;  ^usFabncius  ^  omM  tmgfdariapsriitt 
non  enim  rduti  ccteri  uteri  intra  He  plures  gignunt  fcetus.**    That  each  shonM 

include  but  one  cmbryon  seems  to  be  a  general  law  of  nature,  but  not  without  it»  exrep- 
tions ;  a  singular  specieii  of  egg  found  by  Mr.  Folks,  President  of  .the  iM>y4 
Society,  in  the  mud  of  a  rivulet,  which  equalled  in  size  a  pjin's  head.  By  bnnking  the 
-riieH  Be  didodged-nine  wenns^  d!  of  whim  weie  oohta^oa  wiUun  one  fnToIucrum. 

■f"  The  system  of  the  ovarists  has  been  adopted  by  Harvey,  Steno^  Malpigbi,  Valii- 
nieii,  Duhamel,  Nuck,  Littre,  Swammcrdam,  Haller,  SpaJlanzani,  Bonnet,  kc-  It 
jnust  not  be  forgotten  that  there  are  some  animals  that  cannot  be  c&lHed  oviparotf  ^ 
whatever  tdgnificatioii  the  term  may  be  received ;  tlie  hydra^  Hm  instauoe,  multtplitt  itt 

X  Some  fisli  are  viviparous,  e.  g.  Mnrrrna  AngtiUla^  or  eel,  Blcnnxus  Vivipnru,^.  &.C, 
Among  tbe  anipliilna  we  may  notice  the  viper,  which  brings  forth  its  young  aiive,  aim 
bence  probably  derives  iu  name,  quod  vivum  jjarlat.  bpallanzani  consider abo^e 
yiCiBBtiio iof  ftogs  aa  being  raAer  of  a  Tiv^MFous  Iban  ovipawms  naloie;  Ail 
jnotfi  hmtem^  of  Aa&tve  animal  certainly  partakaa  a*  much  of  the  nature  of  an  «gK 
as  of  a  fa^tus,  and  may  probably  be  considered  as  a  connecting  link  bctveen  tlie  ^ 
great  classes.   Insects  likewise  present  us  with  exceptions,  and  several  whi0i8i<^  ^* 
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)agate  their  species  by  the  interventicn  of  the  egg,  iior  is  such  a' 
node  of  generation  either  accidental  m  its  occurrence,  or  imim- 
>ortant  in  its  operation ;  had  the  wuiged  inhabitants  of  the  air 
)een  viviparous',  the  burden  of  gestation  would  have  impeded* 
he  action  of  their  vvin^^s,  and  have  so  far  increased  then' gravity 
IS  to  have  rendered  them  incapable  of  the  exertion  of  flight : 
he  rio'id  and  unpiiant  coverings  of  crnsffWcoHs  animals  would 
lave  opposed  the  expansion  necessary  for  the  developement  of 
1  fcBtuB  ;  and  it  is  evident  from  the  structure  and  habits  of  ther 
mbe  of  serpents,  that  if  they  had  been  viviparouSy  their  ofisprinsf 
must  hme  suffered  materially  from  the  tortuous  jSesdons,  onor 
fHcti0ii  neeessarily  atte&dant  upon  their  progressive  motiom; 
mAy  lastly  ,  the  muliiparom  ^  nature  of  insects  imd  ikhes  at  onoe 
eouyiikCM  hcifw  improvident  it  would  bavebeen  to  engender  them 
by  any  other  m^d»  than  that  which  nature  employs. 

The  eggs  of  the  ovipari  admit  of  an  evidexit  division  into  two 
clftssdB^  which  I  shaU  deaominitte>  1.  The  Perfect;  and  2«  The 
hnfurfbct.  fhA  former^  wki<A*  are  deposited  by  the  {m^^  and 
some  genera  of  urtiphibia,  are  completely  corered  by  a  hard  shelly 
or  membrane,  and  receive  no  additions  aflter  their  ^sxdnsion; 
while  tbe  latter  ave  dcfnmted  by  most  fisees,  and  in  genersf 
ecflmtitvite  a 'soft  hmms  (Ji(stvago),  not  being  protected  by  any 
extmal  involucre;  The  observations  contained  in  this  memoir 
relate  more  pai  ticularly  to  the  egg  of  birds  :  their  history,  how- 
ever, coiiipi  Kses  whatever  is  inleresting  or  important  in  the  germs 
of  inferior  animals. 

In  order  that  I  may  be  better  able  to  form  a  systematic  reIa-> 
Uon  of  those  new  facts  and  opunons  winch  I  wish  to  submit  to 

#IM  (be  lay  %gs  at  tl^t  eodof  ^utanup*  when  the  young  produced  fnm  tli«ni 

^the  spring  ai»  viviparous  duiing  the  whole  summer !  The  cocci  hatch  their  eggt$  before 

their  cxduNion,  and  the  young  forcp  tlirir  ^vay  through  the  abdomen  of  tlicir  mother. 
^biiHtim  carry  their  ej^i^s  in  a  particular  receptable,  fcom  which,  in  pror c^^s  f  f  thr.e, 
tbe  yo\pg  mi^e  i^u  ei»eape.  The  hij>2jnb()gca  brings  ibrtb  uei(]^  uor  iaiva>,  but 
aheady  gone  Into  the  pupa  state!  The  taeerta  saUtmandra  bnzigs  forth  young, 
ttmplete  in  every  part,  but  still  enclosed  in  An  egg. 

•  Reaumur  ascertained  that  a  single  queen  bee  had  laid  in  the  months  of  •XTarcb  and 
April  12,000  egf^;  and  T/ewenhoeck  found  that  the  innscu  curnariu  dejx)sued  14^ 
*Sgs,  tVoui  wiiich,  ill  uac  luuutii,  were  produced  as  many  tiies ;  so  that  suppotoiig  one- 
of  these  to  be  females,  titiere  would  be  in  the  third  month  746,496. flies.  The  ama^- 
•i^g  fertility  of  fish  may  be  illustratuil  I)v  the  .^,'•(7^7//?  inorhuay  the  cod  fiah>  whndi  will 
deposit  among  the  rocks  9,000,000,  or  10,000,000  of  eggs  ;  and  again,  liiepcrca  ftuvifl^ 
liiw  pri>duces  in  April  and  May  not  less  tiian  iJ00,00U  ova  !  Dr.  Baiter  says  tliat  ha 
counted  I2,l^i4  eggs  under  the  tail  of  a  female  lobeter,  besides  those  that  remained  in 
^  ovarium  unprotruded.   I  have  frequently  escamined  the  ova  of  the  lobster,  and 
^ere  is  one  circimistance  that,  perhaps,  deserves  nodce  ;  each  ovum  upon  examination 
ful  be  found  to  he  hexagonal  in  its  ff>rm.    Tf  we  were  inclined  to  be  eager  on  tlie  sub- 
1^  ^{        causes,  we  uiight  at  once  conclude  that  this  form  was  the  one  adopted,  as 
*wrding  &cility  of  packing  the  greatest  number  in  the  least  possible  space,  and  ire 
adduce  the  structure  of  the  honeycomb  asanilluitration:  the  fact,  however,  is 
^"iiply  this;  that  the  ova,  like  all  yielding  bodies,  assume  the  polyangular  fonii,  from 
^  mwtiial  pressure  which  each  sustains  from  its  neiglibour.    Every  person  must  li.^ve 
TiMrved  the  hexaAonal  bMbbles  upon  the  sui&ce  of  porter  and  other  liuuors,  ixom  a» 
*">^v  cause. 
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your  noticey  I  slwdl  briefly  relate  the  sQcceanve  operatioiui  by 
which  the  ^gg  is  formed  ia  the  body  of  the  animal ;  the  necessity 

of  more  minute  detail  is  supefseded  by  the  valuable  descriptions 

of  liarvey  and  Malpighi. 

The  riuliiuents  of  tht  ooin/i  are  first  visible  ui  the  ovarium^ 
winch,  in  fact,  is  nothing  but  a  consrerics  ot  vitelli*  or  yelks, 
attached  to  the  spine  by  a  proper  nitiiibrane  ;  this  repository  is 
denominated  by  "Tabricius,  the  vitellaniim,  or  viteUorum  racemus^ 
and  n;ay  be  considered  as  anidogous  to  the  ovarium  of  the  mam- 
malia, or  to  the  roe  of  fishes.  These  titelli  generally  vary  m 
progression  from  the  size  of  a  millet  seed  to  that  of  an  acoiii; 
each  of  which,  according  to  its  maturity,  is  successively 
detached  from  the  rest,  whence  it  descends  a  tube,  called,  from 
its  reaemblance  to  a  (\x3aikA,  iufundibulum^  and  arrives  at  the 
vterus,  the  internal  surface  of  which  is  extended  by  spiral  con- ; 
▼irfntions;  here  the  albumincSus  fluids  are  secreted,  and  trans- 
mitted to  the  vitellus  during  its  passage  to  the  fundus  uteris  or 
€haca,  where  it  receives  its  last  addition^  the  external  crust,  oc 

•  The  egg  thus  formed  and  completed  possesses  every,  essential  1 
for  its  subsequent  maturation,  and  requires  only  the  emphatical  j 
energy  of  heat  for  tlie  developement  of  its  embryon  ;  this  is  co  ' 
veyed  through  diHerent  media  in  the  dilierent  cid^ses  of  animali.' 
In  birds  it  is  ;i]>|)lied  by  iucubatiuu,t  but  in  the  ampiniua  and 
Other  animals,  liiu  iieat  of  whose  bodies  is  inconsiderable  and 
inefficient,  the  eggs  are  deposited  in  mud .  or  sand,  or  are 
exposed  to  tiie  rays  of  the  sun,  by  whose  prohho  ndluence 
myriads  of  beings  are  daily  called  into  life  and  activity  ;  or  they 
are  placed  in  other  favourable  situations,  all  of  which  are  too ' 
well  known  to  the  disciple  of  LinnsRus  to  require  any  particukr 
notice.    It  is,  however,  worthy  of  remark,  that  the  medium 
through  which  heat  is  apphed  is  suitably  varied  in  the  same 
species  in  different  climates.    In  Senegal,  for  instance,  the 
ostrich  abandons  her  eggs  to  be  hatched  by  the  burning  sands, 
vhtle  in  the  more  temperate  and  congenial  regions  of  the  Cape 
4)f  <3ood  Hope,  like  other  birds,  she  is  inclined  to  incubation. 

The  different  species  of  astrnn  will  afford  us  an  illustration  of 
the  variety  of  situations  in  which  the  insect  tribe  deposit  their 
ova;  in  which  they  are  universally  directed  by  an  instinct  to 
ensure  a  suitable  temperature,  and  appropnale  nutriment  for  the 
young  brood ;  thus  the  ccslnis  hecvioi  rhoidalis  deposits  them  in 
tiie  rectum  of  the  horse,  and  the  J^.  ovis  in  the  frontal  siuus  of 
fiheep,  &c. 

♦  Vlfd!i(s^  derived  n  vUA^  because  it  contaiiis  the  cnibr3-on. 

•f-  There  are  also  otlier  aniuials  tl.at  accelerate  the  evolution  of  their  ova  by  v.^-.vM- 
tion.  Thu»  bees  in  a  hive  generate  a  considerable  quantitjr  of  heat  witiioui  which  ihar 
eggs  iKNild  perish^  md  die  Uttsfdo  ityjdaf^  on  ooamKk  turtle,  depoijitlier  cggi  is  At 
md,  and  ioattwtea  dnitog  the  night. 
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The  parts  of  which  the  perfect  egg  consists  are  :  1.  V//e/ius, 
or  yelk,  with  its  capsule  and  cicatricula ;  2.  Aibuminu,  with  their 
proper  membranes;  3.  Ckalaza' ;  4.  FollkifJu%  aeris  ;  5.  Cow- 
mofi  membranes;  6.  Exterior  involucrum,  or  ^A^/;  to  each  <rf 
which  I  shall  successively  direct  my  attention. 

The  viteUus,  or  yelk,  is  the  part  formed  tit  vitellario,  and  is  a 
yeUow  fluid  contained  in  a  membranoas  capsule,  on  which  a 
greyish-white  circular  disk  is  discernible;*  this  is  named  cicatrix 
cultty  and  is  the  speck  of  entity,  the  gem  that  is  to  be  developed 
into  the  animal.  **  In  hujus  ^ratiam/'  says  Malpighi,  "  reliqua 
comproducta  videnturJ*  We  have  here  then  arrived  at  the  eaiw 
Uest  stage  in  which  we  can  detect  the  existence  of  theembryon* 
Our  imperfect  faculties  will  not  enable  us  to  ascend  further,  and 
yet,  even  now,  the  body  is  formed  as  the  experiments  and  obser- 
vations of  Malpighi  and  Buffon  most  satisfactorily  testify.  The  yelk 
is  surrounded  by  a  more  tenacious  fluid,  of  a  light-straw  colour,  to 
which  the  name  albumen^  or  more  commonly  the  tr/ute,  has  been 
assigned  ;  this  may  easily  be  divided  into  two  separate  and  dif*- 
tinct  portions,  each  of  which  is  contained  in  a  concentric 
iivr  iiibrane.  They  differ  from  each  other  considerably  in  s[;ecific 
gravity,  and  seem  to  answer  difi'erent  purposes  in  the  economy 
oF  the  egg  :  the  consistence  of  that  which  is  exterior  is  far  less 
than  the  one  which  immediately  envelops  the  yelk,  and  is  con»- 
Bumed  in  the  earlier  periods  of  incubation ;  f  while  the  internal 
and  more  viscid  albumen  seems  reserved  for  the  latter  stages, 
"when  the  chick  must  require  a  greater  proportion  of  generatifue 
matter  than  at  any  other  period  of  its  evolution. 

Many  of  the  ancient  philosophers  imagined  that  the  chick  was 
formed  out  of  the  yelk,  and  tnat  the  white  afforded  nutriment 
Such  a  theory^  however,  must  be  at  once  abandoned,  when  it  is 
known  that  the  vitelhs  sufiers  no  other  change  by  incubation 
than  a  degree  of  liquefaction,  and  that  it  is  drawn  up  iiUo  the 
small  intestines  ol'  tirj  uniinal,±  by  means  of  an  appropriate  duct  ^ 
(ductis  st enoms)  juat  before  its  exclusion.   It  is  then  evident  thai 

*  Fabricius  supposed  it  to  ',)e  a  vestige  of  the  ruptured  pcdunciihi.^^  or  tliat  portion 
^tnembrane  by  which  cacii^cik  is  connected  to  the  viteUariuin;  and  iEiuilius  Pari8<i> 
oontettds  tluit  it  is  the  acDien  vf  the  male. 

+  There  is  a  considerable  difRmnce  discoverable  in  the  n^of  mamtniferous  animals 
different  periods  subserjiTenf  to  pirtunrinn.    Fourcroy  ascertained  that  it  is  moSt 

charged  with  ralcHreons  })Ih  sphates  iuuuediately  after  parturition,  and  that  the  propor- 
of  tlieni  gradually  ihmuii&hej*. 
t  The  TiteUns  appean  to  be  oonstxmed  in  the  fint  10        after  the  animal  it 

hatched. — Momo. 

§  Mr.  ISIacartney  ofiserves,  tliat  tliu  duct  by  which  the  ydk  communicates  with  the 
Intestine  of  the  chick  does  not  bcoi  uc  entirely  obliterated,  but  leares  a  small  sac,  which 
l^iuuns  during  the  life  of  the  animal.  In  the  anipe,  tlii.H  appenda}||e  is  of  considerable 
and  on  examining  its  internal  atnictute,  we  shaU  find  wat  it  is  lined  widi  a  kind 
^  "ifiUous  coat,  and  that  it  has  numerous  folds,  or  projections,  which  Indicate  that  it 
pf>^Hesses  a  glandular  strnrture.  exhibiting  a  curious  example  of  the  eenrtomy  of  nature 
in  adapting  an  organ  of  Itttal  lite  to  the  exercise  of  a  particular  function  in  the  full 
firownbird,  '  ^ 

z  2 
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the  albuminous  portions  *  fornish  materials  for  its  erolution, 
^hile  the  vHeUus  is  designed  to  administer  support^  until  its 
digestive  organs  can  gain  sn^icient  powers  to  perform  tUr 
fenctionsy  and  the  beak  a  degree  of  firmness  adequate  to  \iMi^ 
stand  the  hardness  of  its  natural  food.  Ipsum  animal/*  says 
PHnjr,  ex  Mo  Uquore  cm  corporatur,  cibos  ejus  ia  li:^o  est.^ 
The  albumina,  howerer^  besides  the  office  thus  assigned  to-tfaen, 
discharge  another  important  duty«  that  of  retaining  by  their 
non-conducting  powors  the  fital  temperature  of  the  cicatricula  ; 
the  viteilus  also  would  seem  to  answer  some  other  purpose,  or 
MiiV  should  it  be  necessary  to  those  budst  whose  paieuis  so 
sedulously  supply  them  with  nuuiihhment? 

At  each  end  of  the  egg,  a  white,  shining,  semipellucid  body 
is  inserted  into  the  capsule  of  the  yeik,  which  extends  into  the 
4ilbumeu  in  which  it  floats.  These  bodies,  from  tlioir  supposed 
Tesernblance  to  haif,  have  <j;ained  the  name  f.halaza:,  or  ^nm- 
dines,  and,  from  having-  been  Ibrmerly  regarded  as  the  sperm  oi 
-the  mdie  bird,  that  ot  tj^eddies,  BelHni;]:  supposes  that  vney  ase 
wmposed  of  numerous  canals,  which  open  mto  the  amnion  or 
deatricuUtf  and  send  out  their  roots  into  the  white  for  the  purpose 
of  forming  a  communication  between  them.  Dr.  Monro,§  how- 
ever,, observes,  that  if  they  be  canals,  they  cannot  have  the 
•least  communication  with  the  cavity  in  which  the  chick  resiches 
«t  any  time,  or  in  any  state  of  the  egg,  otherwise  than  as  they 
4ire  both  adhering  to  the  membrane  of  the  viUdlus,  upon  which, 
or  within  which,  no  particular  fibres,  no  canals,  are  stretched  to 
the  cicatricula,"  "  The  chahztv/'  says  Harvey,  appear  to  be 
the  poles  of  the  microcosm,  and  serve  to  connect  the  different 
parts  of  the  egg,  and  to  retain  them  m  thei.  uiie  position.  In 
addition  to  such  an  otiice,  Derham  ingeniously  conj€ctm'es 
that,  as  they  divide  the  yelk  into  two  (Ustinct  and  unequal 
hemispheres,  they  must  preserve  the  cicatricula  (let  the  position 
of  the  eirg  be  w  hat  it  may)  in  the  same  situation ;  for  since  the 
chaiaza  are  specihcaily  lighter  than  the  white,  the  yelk  is  kept 
buoyant,  and  the  cicatricula,  as  it  resides  in  the  smaller  hemi- 
sphere, will  be  always  uppermost:  this,  in  my  opinion,  is  the 
true  theory  of  the  use  of  the  chalazcc ;  for  sudi  a  stracture  wM 
not  only  preserve  the  cicxitricula  from  the  dangers  of  concussion, 
hut  by  regulating  its  distance  from  the  source-  of  heat,  it  wiU 
-ensure  for  it  a*  more  completely  uniform  temperature  than  coald 
.otherwise  happen,  and  which  is  so  essential  to  the  evolution  of 

*  The  ingenious  experiments  of  Mr.  Ilatchett  seem  to  $liow  that  ii!hnfnfu  i>  tiic 
ptireut  tiuki  from  wliicii  other  aniuuil  pnttcipies  ai»f  be  deaved :  ha  accuniuig^  iouad. 
thAt  k  mm  oonvertthle  into  g^/tHne  andjiorme, 

^  Pigeons,  for  exaniplet  .n^ose  crops  John  Hunter  ascerteiiied  to  fiea«te  a  fCCVliMr 
fluid  ihiring  the  breetling  season  for  the  susteUBOe  of  their  jrottJ^ 

J  Bellini  de  Motu  Corilis,  prop.  ix. 

§  Monro,    bee  his  works  published  by  im  bon,  Hdin.  lldi. 
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the  ammfd,  tb^t  the  smaikst  icreguliunty  oyei^DOVs  the  meet 
bilanoeof  die  different  actions  that  are  to  mature  it».and  producea 
fiftlttl  effisets.  So  aoKoitoiia^  therefore^  waa  Nature  to  rescae  tba 
gfecm  from  the  eoaaequenoes  of  cold,  tjiat  she  has  ordaiaed  othet 
provjisioQs,  which  seem  ae  effective  as  the  chstlam^  for  the  pi  eser* 
vation  of  a  due  temperature.  Thus  is  the  cicatrkulu  on  all  sides 
surrounded  hv  tiuids'  which  are  extremely  feeble  conducturs  of 
heat;  tliese  inust  necessarily  retard  the  esoape  of  caloric,  and 
prevent  the  otherwise  destructive  chilis  wiiicli  the  uccasional 
absence  of  the  parent  nnjj^ht  induce.  The  egi^s  of  other  aniuuils 
appear  to  be  protected  by  an  unaloo'ous  apjjaratus.  'irms  the 
ova  ofiio^s,  and  some  other  aniphiljia,  are  (Uiv  elv  ped  in  spheres 
of  mucilage,  which  the  experiments  of  Spailanzani  show  to  be 
essential,  as  iie  found  that  when  this  gluten  was  removed,  the 
eo-'x  immediately  perished. !t  is  certamly  true  that  tliose  (ishes 
wiio  retiin  th"ir  vitality  lon^i;  after  their  remi)val  from  the  water^ 
as  eel  and  tench,  have  the  power  of  secretmg  a  slimy  iiuid, 
with  which  they  envelope  their  bodies  ;  while,  on  the  contrary, 
those  who,  when  drawn  on  shore,  quickly  die,  as,  for  iostauccv 
mackerel,  possess  no  such  faculty,  or^  at  least,  only  in  a  &m;dl 
degree.  Is  it  not,  therefore,  extremely  probable,  that  this  albar 
minous  matter,  by  repressing  evaporation,  and  preveating,  like 
liie  fluids  of  the  egg,  the  escape  of  heat  by  its  noncoaducting 
aatm^,  is  the  principal  oauso  of  this  peculiar  tenacity  .of  life ; 
periiaps  a  prodigious  accumulation  of  fat  may  also,  under  cerr 
tain  circumstances,  have  a  share  in  producing  this  effect ;  the 
nlurus  glanis,  which  is  the  fattest  of  all  fresh  water  fishes,  for  it 
grows  to  the  weight  of  300  lb.  lives  veiy  long  after  being*  taJ^en 
oat  of  the  water.  . 

Besides  fishes,  there  are  other  animals  who  protect  themselves 
from  an  excess  of  heat,  or  cold,  by  ejectiag  fluids  from  the  sur- 
face of  tlieir  bodies.  The  common  snail  is  mdebted  to  its  profu- 
sion of  slime  lor  its  power  of  resisting  cold.  The  fable  of  the  - 
salamander  being  iudcstrucUble  by  fire,  owes  its  origin  to  the 
faculty  which  this  animal  possesses  of  discharging  IVom  the 
numerous  pores  which  are  scattered  over  the  surface  of  its  body, 
a  milky  fluid,  bv  which  it  defends  itsell"  tor  a  short  time  agam.^t 
the  fury  of  the  tiauies.  There  is  an  account  in  t'lc  Phil.  Trans, 
of  a  knight,  at  Rome,  who  cast  a  salamander  in  the  jtire,  which  it 
put  out  twice,  and  lived  nine  months  afterwards  ! 

The  hen  bird  seems  instinctively  conscious  of  the  mischief 
that  would  accrue  from  an  irregular  or  dimiwished  temperature- 
She  is  often  seen  to  make  use  of  her  bill  to  push  to  the  outer 
part  of  the  nest  those  eggs  that  were  nearest  the  middle,  and  to 
bring  into  ^e  middle  such  as  lay  Aearest  the  sides.   The  £gyp- 

*  This  gluten  iftiMit  of  tlittsamfrcoiiibuneciiiitfl die  amiBA^  Itii,  fin.lmtantt^ 
mam  abundant  and  viaeidin  ftogaand  toada-tte  ift-iajn  GaaBdiafiaJMirla. 
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tians,  however,  by  anice  adjustment  of  their  ovens,  or  mamah^  as 
they  are  called^  succeed  in  hatching  a  great  proportion  of  the 
eggs  entrusted  to  their  care  by  artificial  heat.  The  celebrated 

Reaumur  introduced  the  method  into  France;  and  Sir  James 
Hall  invented  a  regulating  stove  by  which  an  equable  tempera- 
ture might  be  easily  procured  for  the  same  purpose.  During  the 
period  that  I  was  at  college,  the  late  Sir  Busick  Harwood,  the 
ingenious  Professor  of  Anatomy  ia  ihe  University  of  Cambridge, 
frequently  attempted  todevelope  the  egg  by  the  heat  of  his  hot- 
bed; but  he  only  raised  monsters,  a  result  which  he  attributed 
to  the  unsteady  application  of  heat.f  It  must,  however,  be 
observed,  that  deviations  from  the  correct  temperature  are  inju- 
rious and  fatal  only  in  proportion  to  the  grade  of  vital  energy 
which  the  ovular  enibryon  pc^ss^  sses.  Thus  we  learn,  from  tjie 
experiments  of  Spallanzani,J  that  the  eggs  of  insects  are  better 
able  to  sustain  the  vicissitudes  of  temperature  than  those  induced 
with  more  exalted  vitality.  Thus  it  is  that  the  eggs  of  cold- 
blooded animals  bear  with  impunity  such  an  increase  or  decrease 
of  temperature  as  is  sufficient  to  destroy  the  animals  themselves; 
for  Spallanzani  found  tadpoks  and  frogs  perished  at  110^,  bat 
their  eggs  only  at  133^. 

If  we  pursue  this  inquiry,  and  quitting  the  animnl  kingdom 
descend  into  the  scale  of  vegetable  existence,  where  the  energies 
■of  Wtality  are  still  more  feeble  and  obscure,  we  shall  find  tb« 
same  relative  power  of  sustaining  heat  or  cold  between  the  plant 
and  the  seed,  as  I  have  stated  to  exist  between  the  animal  and 
its  egg. 

Vnth  respect  to  the  relative  destructive  influence  of  vicissi- 
tude of  temperature  upon  the  egg  of  birds  in  different  stages  of 
dcTelopement,  it  would  appear,  nom  the  interesting  experiments 
of  Reaumur,  that  it  is  more  destructive  in  the  eailier  stages  of 

incubation,  especially  diminution  of  temperature,   but  that 
•  increased  heat  is  more  injurious  in  the  advanced  states  of  de?e- 
lopement. 

After  having  related  the  aoencies  of  heat  and  cold,  I  inay 
mention  that  light  has  also  been  found  by  Michelotti,§  of  Tunu, 

«  The  inliabitants  of  die  angle  viQa^  Berme,  situated  In  the  Delta,  about  ^ 

leagufes  from  Cairo,  among  whom  this  art  is  alone  practised,  give  life  by  means  of  their 
Viamul*  to  two-tlurds  uf  the  eggs  entrusted  to  their  care,  amounting  in  one  season,  which 
oontiBuefl  but  for  six  months,  to  the  astonishing  sum  total  of  9^,6UO,000.  Conieillek 
Bruyn,  tom.  ii.  has  eoiOected  the  obeenrationa  of  many  traveUenim  tfaia  subject  Ftllwr 

Sichanl  also  gives  us  an  intrrcstlng  account  of  the  same  art;  and  ReaumOT has |Nlb> 
listaed  a  very  complete  work,  illustrated  with  numerous  cn2:rnvings. 

The  acdenU  were  acquainted  witti  the  possibility  ot  hatching  e^;8  artificially. 
Ffiay  (lib.  x.  <»p.  55)  says,  that  ^gs  laid  upon  beds  of  sttaw  in  a  warm  place,  au 
after  being  regularly  tuiDM  ftom  time  to  time,  would,  at  the  proper  period,  disclose  di« 
included  animaL  Pliny  moreover  states,  that  Livia  hatched  a  chicken  by  the  Trnmith  of 
her  bosom.  Oesner  and  Aldrovandus  have  collectctl  the  passatres  of  the  ancients,  awl 
those  of  the  authors  of  their  own  tiuic,  tliat  inentiun  tlie  method  of  iiatching  ^;gi  by  dang* 
t  SpaUanaanL   Ttactaon  the  Natoia of  Aninuib  and  VegeteUbk 
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:o  exert  a  decided  iuiiutince  ua  the  ova  of  aaimnU  ;  he  placed 
the  eggs  of  different  species  of  phalanx,  in  tiausparent  and 
opaque  jars,  when  he  uniformly  foiuid  that  those  in  tho  black  jais 
were  fir&t  hatched  ;  he,  therefore,  concludes  that  li^lit  is  preju- 
dicial to  the  developement  of  the  egg- :  thus  we  find,  says  ne, 
that  tiie  eggs  of  many  birds  are  furnished  with  an  opaque  shell, 
as  those  of  birds,  and  that  if  it  be  delicate,  the  parent  deposits 
them  in  dark  and  concealed  places.''  •  Before  any  conclusion  can 
be  legitimately  deduced  from  the  experiments  of  Michelotti,  it 
ought'  to  be  shown  that  the  temperature  ia  both  jam  was  the 
same  ;  for  unless  this  were  established  by  actual  experiment, 
we  might  be  incUned  to  draw  an  opposite  inference  from  the 
diflferent  radiating  powers  of  black  and  white  surfaces. 

{To  U  omtkimaL) 
n  TSSSSSSSSSSSSSSS 

Article  V. 

On  the  Expansion  of  the  Functions  f  (i),  /  (jt,  y),f  (ar,  y,  z),  SfC* 

By  Mr.  James  Adams. 

(To  the  Editor  of  the  Anuals  of  Philosophic*) 

SIR,  Stonehou9€t  near  Plymouth^  March  5,  1881. 

The  usual  method  of  expanding  the  functions /(Jf),/  y)p 
f  i^fl/y  being  from  their  nature  very  trouble- 

some,  I  beg  to  recommend  the  following,  which,  I  trusty  will  be 
found  more  convenient  and  expeditious ;  the  insertion  of  which 
in  the  Annals  of  Philosophy  will  oblige.  Sir, 

Your  humble  servant, 

James  Adams. 


Problem  1. — It  is  required  to  deveiope  f  (i),  or  any  lunctioa 

of  X, 

Let  f{x)  =  u ;  then  place  the  symbols  d^j  &c.  succes^ 

sively  before  the  character  u ;  likewise  the  symbols  d  and  A 
successively  before  the  assumed  series  x  -\-  -t  ol*  +  &c. 
together  with  the  corresponding  numerical  coefficients  in  the 
fouowing  manner :  '  ' 

Aac»+8cc. 
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Hence  we  obtain  f  {x  A  x,  y  A  v,  z  Ax)  te+A 
+  B  +  C  +  D 

In  like  manner,  we  may  expand  the  function^* (x,  jc,  v),  for 
the  several  combinations  of  the  variables  absti^ti  ng  the  numeral 
coefficients  are  as  follow: 

(x+3r  +  «  +  v)  =  xH-y-r.^  +  v 

+  3^  +  z+  t;)-  =  x^'  4-  ory  +  +  a  t;  -H 

<x  -f  y  +  X  +  v)'  =  a:^  -f  X  if  +  X     +  x     4-      +  ^  j:^  + 
y         yv""  -V     -\-  &c.  to  20  terms. 

(x  +  ;y  +  a;  4-  v)*  =  A"*  +  'I  y^      X         x     "i-  y^  +  y  4- 

^     -i-  yv^  4-5;*  4-       to  36  term?. 
&.C  ;  • » 

By  prefixing  the  symbols  A^d,  d^,  d^y  &c.  before  the  variables, 
x,y,z,v^  and  as  in  the  preceding  problems,  we  readily  obtain 
the  expansion  of^'  (^x,  y,  z,  v),  and  so  on  for  a  greater  namber  of 
variables. 

In  the  foregoing  expansions,  it  will  be  observed  that  the  index 
of  the  symbol  d  placed  before  u  is  equal  to  the  sum  of  the  indices 
in  the  several  combinations  of  the  variables^  the  symbols  d  and 

A  are  simply  placed  before  the  variables  and  their  powers,  and 

the  numeral  coefficients  in  the  denominators  are  also  governed 
by  the  ludices  of  the  variables.    Thus  the  differential  cucfficieiiL 

of    «/'  a*  will  be  found  to  be  ^  ^  ^ — u  —  u  

and  the  differential  coefficient  of  x"^     »%  or  of  w,  will  be 

77— s  rrr-z  wi  o  r3  3  r->  a  general  form  for 

three  variables,  which  may  be  extended  at  ^pleasure.— -(See 
Woodhouse*s     Analytical  Calculations,"  p.  86. 

The  differential  of  a  function  being  the  second  term  of  its 
developement,  or  that  part  of  the  expansion  of  a  function  which 
contains  the  first  powers  only  of  the  increments  dx,  dy^  dz, 
&c.  It  will  be  perceived  that  the  difl%rential  of  /  {x)  consists  of 
one  term  o£f(x,  y)  of  two  terms,  of  /'  (  r,  y,  z)  of  three  terms, 
&c.  Therefore  by  changing  A  x  into  dx,  Ay  into  dy,  A  z  into 
d    &c.  we  have 

dj\x)=  du  =  ^^dx,df(x,y)  =  du:::s^  d  X  +      d y, 
df(x,y,  «)«rfv«^da?  +  ^rfy4-^ii«,&c. 
^d  x,^dy,  &c«  are  called  partial  difierentials,  and 
~f  &c«  are  called  differential  coefficients. 

m »    ay    a  z 
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Article  VI. 

Obser^vafions  on  Dr.  P routes  Estimate  of  Mortal'iLy  from  the 
Operation  of  Lithotomy,    By  John  Yelfoly,  MD.  tRS.  &c. 

(To  the  Editor  of  the  Annals  of  Philosophy,) 

DEAR  SIR,  CarrowANteyy  Normch^  March  SO,  189K 

I  BEG  to  notice,  through  the  Annals  of  Philosophy,  aa  inac- 
■curacy  into  which  Dr.  Prout  has  inadvertently  fallen,  in  the 
statement  which  he  has  given,  in  his  valuable  work  on  the 
Diseases  of  the  Urine,*  of  the  mortality  occurring  in  the  opera- 
tion of  lithotomy,  in  the  Norfolk  and  Norwich  Hospital;  and  in 
the  deduction  which  he  has  made,  as  to  the  mean  ratio  of  morta- 
lity from  that  operation,  over  the  whole  kingdom. 

Dr.  Prout  quotes  Dr,  Marcct's  published  account  of  the  cases 
which  occurred  in  the  Norfolk  and  Norwich  Hospital  up  to 
1816,t  and  infers,  that  as  the  mortaUty  which  took  place  in  indi- 
viduals below  puberty,  was  I  in  18,  while  that  in  adults,  was  1  in 
4^,  the  mortality  of  the  whole  must  be  1  in  114>  or  the  mean 
between  the  two  proportions. 

It  is  obvious,  however,  that  this  calculation  could  only  ba 
correct,  if  the  number  of  deaths  at  those  two  respective  periods 
were  equal ;  but  as  this  is  not  the  case,  the  mean  ratio  can  only 
l^e  obtained,  by  dividing  the  whole  number  of  cases,  by  the  whole 
n^umber  of  deaths,  which  Dr.  Marcet  does,  and  thus  gives  the 
mortaUty  as  1  in  74.,  the  deaths  bein^  70  in  506  cases. 

Taking  this  as  the  accurate  proportion  of  deaths  in  the  Norfolk 
and  Norwich  Hospital,  up  to  the  year  1816,  (which,  from  my 
own  inspection  I  can  state  to  be  the  case,)  the  proportional  mor- 
tality, from  the  operation  of  lithotomy  in  the  whole  kingdom,  as 
inferred  by  Dr.  Prout,  from  the  mean  of  that  in  the  Bristol, 
Leeds,  and  Norwich  Hospitals,  will  be  about  1  in  instead  of 
i  lii  7^,  which  he  states  it  to  be. 

I  remain,  dear  Sir,  yours  sincerely, 
s  J.Yelloly. 

*  Page  '218.  -f  Marcet  on  Calculou^i  l>isordeni,  p. 
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ANNUAL  RESULTS. 
Barometer. 

Inches. 


Greatest  pressure  of  the  atniosphere,  Jan.  9.  Wind  E. .  30'72 
Least  pressure  of  the  atmosphere,  Oct.  22.    Wind  W. . .  28*40 

Mean  rano  e  of  the  mercurv  •  •  •    2* 32 

Annual  mean  pressure  of  the  atmosphere  29"873 

Mean  pressure  for  180  days,  with  the  moon  in  S.  decli- 
nation  29-897 

Mean  pressure  for  186  days,  with  the  moon  in  N.  decU- 

nation   29-849 

Annual  mean  piessure  at  eight  o'clock,  a.iii   29*887 

■  at  two  o'clock,  p.m  •   29*882 

————  at  eight  o'clock,  p.  m .  •  •   29*882 

Greatest  range  of  the  mercury  in  October   2*  190 

Least  ditto,  ditto,  in  August   0*780 

Greatest  annual  variation  in  24  hours  in  October   0*980 

Least  of  the  greatest  variations  in  24  hours  in  June  .  • .  •  0*360 
Spaces  described  by  the  oscillations  of  the  mercury . .  •  •  71*650 
ifumber  of  changes^  caused  by  the  variations  m  the 
weight  of  the  atmospheric  column  271 

Day  and  Night  Thermometer. 

Degrees. 

Greatest  thermometrical  heat,  June  26.   Wind  W   87*00 

  cold,  Jan,  16.    Wind  N.E   14*00 

Annual  range  of  the  thermometer  between  the  extremes,  73*00 

Annual  mean  temperature  of  the  atmosphere  • . . .  •   50*13 

 :  r- at  8  a.m..  49*00 

 at  8  p.m..  48*77 

 at  2  p.m.  •  56*61 

Greatest  range  in  June   47*00 

Least  of  the  greatest  ranges  in  October   25*00 

Annual  mean  range    34*00 

Greatest  annual  variation  in  24  hours  in  June   30*00 

Least  of  the  greatest  variations  in  24  hours  in  December  14*00 


De  Luc*8  Whakbone  Hygrometer., 

Greatest  humidity  of  the  atmosphere,  15  times  100*0 

Greatest  dryness  of  ditto  on  July  1  and  25.   33*0 

Annual  range  of  the  index  between  the  extremes   67*0 

Annual  mean  of  the  hygrometer  at  8  a.  m  , . . .  67*9 

 ■  at  8  p.m  71-7 
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Degrees. 

Annual  mean  of  the  hygrometer  at  2  p.  m  58-4 

'  at  8, 2,  jind  8  o'clock.  ^  . .  63-9 
Greatest  mean  humidity  of  the  atmosphere  in  January  « •  81-1 
Greatest  mean  dryness  of  the  atmosphere  in  June.  •  5r3 

Position  of*  the  Winds. 

  IHfi. 

From    oi  til  to  North-east   36^ 

North-east  to  East  >  .    884. 

East  to  South-east  •   54 

South-east  to  South.    26 

South  to  South-west   36 

•  South-west  to  West   *..«....  51 

West  to  North-west.  ...........  r   71|. 

North-west  to  North  ^   53 


366" 

Clouds  agreeably  to  the  Nomenclature  ;  or  the  \umber  of  Daj/$ 
on  which  each  Modi/lcation  has  appeaiied.    f  ' 

CiiTus  2^ 

Cirrocumiilus   ^  •  1^9  . 

Cirrostratus   283 

Stratus.  ^   60 

Cumulus  186 

Cumulostratus  ,  188 

l^imbus  ; , .  ,.^170 

General  tylate  of'  the  Weather, 

Days., 

A  transparent  atni'»>))here,  wiiliout  clouds  •   32 

Fair,  with  various  inudificatious  of  cloud  169v'- 

An  overcast  sky,  without  rain   76 

Foo;  ;  ,  5^ 

iiam,  hail^  &leet,  and  snow  •   ,   83 ' 

366* 

Atmospheric  Phenomena^ 

Number. 

AntheUon^  or  mock-sun,  diametrically  opposite  to  Uie  real 

Sun   1 

Parhelia,  or  mock-suns   34 

Pavaselen^B,  or  mock*moons   10 

Solar  halos  •  39 

Lunar  halos.  •••••  24 

Rainbows^  perfect  •  14 

« 
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>  ,  Numbflr. 

S«an  meteoi«f  or  shootiiig  stasB  ^  •  131 

lightning)  days  oa  which  it  occunred  «   14 

Thunder^  daysott  which  it  occivred  '   6 

Evaporation^ 

India. 

Greatest  quantity  iu  June  ,   4*30 

Least  quantity  m  January   ,  0*35 

XotjU  ^ipouDj^  fojr.tji^  y^ar  .«  29*35 

Inches. 

.  Greatest  quantity  in  October  •   4*  10 

Least  quantity  in  March  •   •  •  •  •  0*46 

Total  amount for.the  year  ^  26*75 


N.B.  The  barometer  is  hung  up  in  the  Observatory,  about  30 

feet  above  hij^h-water  mark  ;  and  the  Self-rcj^istering  Horizontal 
Day  and  ^'iglit  Thermomttcr,  and  De  Luc's  Whalebone  Hygro- 
meter, are  placed  in  open-worked  cases,  in  a  northern  aspect, 
out  of  the  Sun's  rays,  and  lU  feet  above  the  garden  ground. 
The  pluviameter  and  evaporator  have  respectively  the  same 
square  area  :  the  former  is  t  mptied  every  morning  at  8,  a.m.  after 
a  precipitation  of  rain,  into  a  cvlindncal  ci'la^^s  o'uagc  accurately 
graduated  to  1-lOOthofau  nicli ;  and  the  quantity  lost  by  evapo- 
ration from  the  latter,  is  ascertained  at  least  every  third  day, 
and  sometimes  oftener«  when  strong  eyaporations  happen  by 
means  of  a  high  temperature  and  very  dry  winds; 

Of  the  Pressure. — ^The  barometrical  or  mercurial  column  io 
the  course  of  the.yeai-  has  shown  a  great  elevation,  and  an  unu- 
sual depression ;  the  former  occurred  in  January,  the  latter  in 
^October,  making  its  range  about  2]  iodieB;  The  mean  pcessore 
is  l-il25th  of  an.  inch  less  than  it  was  in  either  of  the  two  preced* 
ing  years ;  but  the  average  of  all  the  monthly^  rangjes  24-  inches 
Sffpater.  The  number  of  changes  is  nine  less  than  in  1819,  but 
it  exactly  agrees  witli  that  of  1818.  For  180  days,  while  the 
moon  was  la  south  decliualion,  the  barometrical  mean  is  about 
l-20th  of  an  inch  higher  than  in  the  ISb  days  of  her  north 
declination.  Last  year  the  barometrical  mean,  or  mean  pres- 
i^ure,  was  greater  while  she  was  in  north  declination,  than  while 
she  ranged  in  south  declination,  by  l-17th  of  an  inch.  This 
shows  nearly  an  equal  pressure  ot  the  incumbent  atmosphere  for 
her  north  and  south  declination  during  the  last  26  lunations^  and 
has  but  little  tendency  to  eetablish  the  periodicity  of^atmo- 
spherical  changes,"  said  to  be. influenced  oy  the  •mom  m  the 
difierent  parts*  of'  her  •complex  orbit,  unless-  the  mean  resists 
should  happen  to  come  out-mofe  favourably  to  the  bypotiMHSi 
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by  crafiniBg-the  mean  barometncal  presMreto  paoticukur  phases 
of' the  moon,  whi<A  we  have  not  now  time  to  investigate.  Tfaei 
aggregate  of  the  spaces  described  by  the  ounre  was  greatest  in 
January,  and  least'  in  J  uly .  The  avenges  of  all  the  observations 
at  eight)  two,  and  eight  o'elodt  ever^  day,  precisely  agree  with 
eac^  otber^.  and  are  1-lOOth  of  an  inch  less  Aaa  those,  of  tto 
preceding  year. 

3Vm/>€r€iltire.~The  mean  temperature  of  this  year  is  nearly  2^ 
less  than  in  1819,  2|.°  less  than  in  1818,  and  041  of  a  degree  less* 
than  in  1817  ;  but  about  higher  than  it  was  in  the  ungenial 
y^ar  1816.  The  inaiunum  the  two  preceding  years  has  fallen 
off*,  and  the  minimum  this  year  is  considerably  lower  than  at  any 
time  since  February,  1815'.  The  mean  heights  of  the  thermo- 
meter at  eight,  a.  m.  and  eight,  p.  m.  correspond  within  one- 
fourth  of  a  degree,  and  also  with  the  annual  mean  temperature 
within  li-°  as  usual ;  but  the  mean  at  two,  p.  m.  is  nearly  4°  less 
than  that  at  the  same  hour  in  the  warm  year  li^iH.  Although' 
the  son-  arrives  at  his  greatest  north  declination  at  the  summer 
solsiioe,  when  his  meridional  rays  in  this  latitude  are  inehned  to 
the  earUiAt  an  angle  of  about  62^  4(K,  and  have  ar powerful  efiect 
upon  a  thermometer  exposed  to  them  mider  a  ctair«  sky ;  yet/i^ 
month  is  generaHjf*  taken  up  in  the  exhalement  of  the  earth's 
moisture  to  a  certain  depth,  oefiire  we  experience-experimentally 
the  sreatest  monthly  mean  temperatofe^;  because  ihe  earth  and 
aJr  do  not  receive  their  maxirmm  heat  till  the  latter  part  of  July*. 
At  the  winter  solstice,  the  sun  has  his  greatest  south  declination, 
when  his  rays  are  inclined  to  us  at  an  angle  of  about  15°  44', 
and  have  then  the  least  power  upon  the  thermometer ;  yet  we  do 
not  experience  the  lowest  monthly  mean  temperature  till  Janu- 
ary;  because  the  earth  has  not  wholly  parted  with  the  heat  it 
obtained  in  the  summer  till  the  middle  of  this  month.  An  excep- 
tion to  these  general  rules,  however,  does  sometimes  occur  at  the* 
retrogression  of  the  seasons^  arising  from  untimely  weather. 

De  Luc*s  Whalebone  Hygrmneter. — ^The  meannumidity  of  the 
air  near  the  groundi  as  ascertained  by  three  observations  eacfaf- 
day  at  eight,  two,  and  eight  o'clock,  appears  to  be  1°  (within\' 
1%-109)  drier  than  the  warm  year  1818 !  This  appears  incongruous 
at  iBrst  sight ;  bat  as  the  amount  of  rain  and  of  evaporation  is- 
miueh  less  this  year,  the  ascent  of  vapoora  must  have  been 
slower  and  in  less  quantities,  and  consequently  thelower^^ra^wi^' 
of  ahr  drier  upon  the  hygrometric*  snbstanee  of  this  instrument. 
Thfemean  at  eight,  a.  m.  for  the  last  three  years,  is  71*16^;  and* 
tte  mean  at  eight,  p.  m.  72*83^. 

Prevailing  Winds. — In  the  table  containing  a  scale  of  the 
winds,  or  the  number  of  days  on  which  they  have  prevailed,  we 
see  that  they  have  blown  more  uniformly  round  the  points  of  the 
compass  this  year  than  in  the  years  1818  and  1819.  The  winds 
to  the  west  of  the  meridian  have,  however,  prevailed  longer  than 
those  on  the  eastern  side,  by  about  pae-sixth  of  the  whole  year; 
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2ind  those  to  the  W  and  §W  more  thaq  the  ope-third  of  the 
period^  which  we.beUeye  to  be  generally  the  case  Hi  the  8O.ttthei20i 
P^t  of  England.  The  vrinds  from  £  aod  ^ W  are  neai^  eoiul 
ux  ihm  d^tion  ;  and  those  from  prevail  a  less  time  maa 
otlier*  The  N£  and  E  winds  preTail  mostlyin  the.  winter 
months,  and  the  westerly. wind»  in tl^e  summer..  ?rhe  iiDCoaimoa 
vicissitudes  of  weather,  and  anomalies  of  the  seasons^  chiefly 
depend  upon  .tbe  prevalence  of  particular  winds,  which  long 
experience  has  taught  us.  That  tOfere  is  some  imiiormity  in  the 
duration  and  distribtttifMi.  of  .j(b#  winds  .round  the  compass  }n.  a 
series  of  years  is  demonstraled.  1^  the  foregoing  proxiiuate  soale. 
By  a  (Strict  attentipn  to  the  motions  of  the  modificatiotts  of  cloudt 
we  have  been  recently  enaUed  to  detect  more  frequently  the 
simultaneous  existence  of  several  currents  of  wind«  sometimes 
three,  and  often  two^  crossing  each  other  at  rig^ht  angles,  at  other 
times  nearly  in  opposite  directions.  We  have  observed  that  the 
upper  currents  generally  prevail  over,  and  descend  nitu  the  region 
of  the  lower  ones  alter  they  have  subsided.  The  number  of 
strong  gales  of  wind,  or  the  days  they  have  respectively  pre- 
vailed this  year,  is  as  follows  :  N,  3 ;  ]S1£,  7  j  E,  8  j  SE,  2^  S,2  j 
SW,  19 ;       8  ;  NW,  3 ;  Days,  52. 

Chud$,—v^omt  striking  coincidences  may  also  be  seen  in  the 
table  in  the  number  of  days  on  which  each  modification  has 
appeared  during  the  last  two  years,  the  stratus,  cumulus,  and 
nimbus^  differing  most  in  the  days  of  their  appearance  ;  and  the 
Ijist  two  are  less  in  number  than  in  1819,  on  account  of  the  rains 
being  less  frequent.  We  have  nothing  particular  to  cMex  respect- 
ing uie  modifications  of  clouds,  only  that  tiieir  assigned  positions 
have  been  sometimes  reversed  in  changeable  weather.  Some 
lieinarkable  cpincidences  also  appear  in  that  part  of  the  table 
under  Weatl^ear^  as  in  the  njumbei*  of  clear«  fair,  and  rainy  days. 
Ijt  is  necessary  .to  observe  here,  that  although  we  have  allqwed 
only  93  days  for  rain^  yet  a  precipitation  of  rain,  hail,  or  snow, 
has  actually  occurred  160  days  out  of  the  366 ;  but  83  whole 
days  and  nights  is  nearly  the  time  it  has  rained  throughout  the 
year.  A  separation  of  the  time  has  also  been  made  for  the 
appearances  of  other  peculiarities  of  weather.  This  method, 
however,  is  attended  with  trouble ;  still  we  shall  pursue  it,  as  it 
is  probable  that  some  definite  results  may  be  obtained  firom  it  at 
a  future  period. 

'  Atmospheric  Pheimmena. — Thunder  and  lightning  have  not  oc- 
curred so  often  tins  year  as  the  two  preceding  ones  ;  but  the  number 
of  small  meteors,  or  shooting  stars  as  they  are  cummonly  called, 
is  greater— of  131,  no  less  than  8U  appeared  in  August.  On  the 
9th  of  this  month,  between  11  and  12,  p.  ra.  35  shot  in  different 
directions^,  three  of  them  were  caudated  while  passmg  between 
the  const  el  i  a  lions  Lyra  and  Una  Major,  their  sparkling  trains 
havino-  been  left  bnlHantly  illuminated  for  several  seconds  of 
t^me  bubse(^uent  to  the  disappearance  of  the  ignited  bodies :  thi$ 
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indeed  vns  the  grandest  display  of  meteors  we  ever  remember  t6 
have  seen  in  so  short  a  period^  arising  from  the  very  gaseous  or 
inflammable  state  of  the  ai}'.  The  solar'  and  lunar  halos,  parasi* 
kM,  and  parheUa,  are  peculiar  prognostics,  iv^ich^seldbm  fail  to 
indicate  aoproaching  wet  weather*  The  time  an4  appearance  of 
these/  ana  other  titmospheric  jplt^mrnend^  may  be  seen  paiiicu* 
laHy  described  in  our'  dalh^  remarks  on  the  weatheV^  already 
published.  The  amount  of  rain  and  of  evaporation  is  less  this 
year  than  it  has  been  for  some  years  past.  March  was  the 
<in«st  month,  and  August  very  wet  and  windy.  ' 

Variation  of  the  Magnetic  Needle. — Further  observations  on 
tlie  diurnal  motion  of  tne  magnetic  needle  have  enabled  us  to 
determine  its  recession  from  its  greatest  western  declination. 
In  this  latitude  it  first  began  to  recede,  but  in  a  very  slow  man* 
ner,  in  the  middle  of  the  year  1819.  The  mean  westerly  varia- 
tion here  for  December,  1820,  was  24°  31'  \b'\    '     '  •  • 

The  Plauei  Veinis. — Tliis  brilliant  planet  excited  much  curio- 
sity among  the  mhabitants  of  this  town  and  neighbourliood  on- 
Sept.  19, 1820,  when  she  w^as  distinctly  seen  with  the  naked  eye 
by  people  of  all  ages  assembled  m  the  streets,  &c.  from  eighty 
a*  m.  till  she  was  near  the  western  horizon  in  the  afternoon.  She> 
was  seen  by  us,  without  the  help  of  a  telescope,  on  the  following*' 
days  this  yean—Sept.  11,  12,  13,  14,  19,  26,  28,  and  30; 
ect.  2,  3,  5,  6, 7,  8,  15,  17,  19,20,  24,  and  30;  Nov.  2,  7,  15, 
and  28.  On  the  latter  day  she  was  40*="  58'  45-7"  to  the  west  of 
the  Sun's  centre.  In  the  morning  of  October  6,  Vetius  was 
46°  15'  15''  to  the  west  of  the  Smi's  centre,  and  on  the  8th. 
following,  46^  25';  the  latter  was  the  greatest  distance  that 
conld  be  obtained  from  a  number  of  sights  taken  with  an  excel* 
lent  sextent  this  and  the  preceding  day ;  consequently  she  waa 
then  at  her  greatest  western  elongation.  From  these  and  pre-^ 
vious  observations,  it  is  inferred,  that  this  planet  may  be  seen 
with  the  naked  eye  in  the  open  da^,  particularly  when  on  the 
meridian,  in  all  that  part  of  ner  orbit  from  42®  pn  either  side  of 
the  sun  in  clear  weather.  Should  the  atmosphere  be  clear  at  the 
dose  of  next  Oclober,  or  the  beginning  of  INovember,  when  she 
will  be  about  42°  to  the  east  of  the  sun,  no  doubt  she  may  be 
then  seen  with  the  naked  eye  in  the  open  day,  and  for  soma 
weeks  afterwards.  « 
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Article  VIII. 

Meteorological  TaNe^    Extracted  from  the  Register  kept  at 

Kinfauns  Castle,  N,  Britain,    tat.  23'  30".  il*cwe. 

the  Level  of  the  Sea  129  feet. 


1820, 


•  ■  •  V  V  • 


J4n. 
Feb  

MJVfh  

April  

Jlrfy  

June  

July  

Aug  

Sept  

Oct.   

Kov  


Aver,  lif  year. 


Bloniiiig,  8  o'dock. 

Mean  height  of 


Bazom.  \  Ther. 


29 -7  63 

S9'794 

29  6.^2 
29-HSS 
29-844 
29-621 

29-499 
£9-749 
29-61 1 


29-355 
38-6:5 
32-:ij5 
45-500- 

49-516 

55*6 15 
5M00 

43-193 

40  G:rj 


BTeiUf  10  o'clock. 

Mean  height  of 


Baram*  Ther. 


29-776 

29-875 

29-7 

t9-795 

29-602 

29-8:n 

29-7SS 

21l-6it7 

89'777 

29  480 

29-764 


45'88S  }  29-747  44*65946*784 


30097 

39-  069 
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44-533 
47-870 

52-  966 
55-580 

53-  590 
50*060 
42-742 

40-  633 
^9-129 


Mean 
temp, 

by 
Six's 
Th«. 


10  5*;^ 

41-  451 

147  333 
,50-741 
155-533 
59-322 
56  806 
S26SS 
44-419 

42-  133 
39 -4  S3 


Depth 
of 


Id.  1 


No^ 


k-40 

a-30 

5-20 
1-60 

1-  80 

2-  20 

1-  SO 

2-  50 
1-70 


Rain 

— 

or 

14 

17  ^ 

12 

n 

10 

6 

'"'^  > 

19 

12 

13 

17 

9 

22  • 

13 

18 

12 

19 

11 

19 

^NSVAh  RESULTS. 


Baromrcr. 

Observations,  fVind, 
Highest,  Jan.   9  ....  SW  ....  30-88 
lAwcst,  Oct  17  ....NW  ....  2^^-58 


MORNING* 

Thermometer  . 

June  26    W  . 

Jan.  18  NW  . 


Hirrhest,  Jan.  8 
liowat,  Uou  17 


EVKNINC. 

 S  W  I  June  25  N  W  .... 

....liW          28-66 1  Jan.  18  1«  W  «... 


67< 


Wind. 

Tim 

  67 

366 

Extreme  Cold  and  BuU^  bjf  Sije*9  TkermomUr, 

Coldest,  Jan.  18,  Wind  N  W  one  below  Zero 

Hotte«=t,  June  ^6,  Wind  N  W  •  79° 

Mean  leniperature  Hot  1  tiiO  ••••••  «•••   46*7427 

Result  of  Itco  Rnin  Gauges.  Jn.  I0<> 

C  entre  of  die  KiiinLung  Garden,  about  20  feet  above  the  level  of  thelsea   23-5 

ILiiifttuiiii  (jaatie,  i-:U  feet  t •••••••••  18*S 


Digitized  by  Google 


Article  IX. 

All  Account  of  an  Ascent  to  tlie  Summil  of  Mo?it  Blanc,  in 
August,  IS19.    By  Capt.  J.  Undrell,  RN. 

(To  the  Editor  of  the  Annals  oj  rkiloso^hy,) 

SIR,  IkHMfon,  Marth  99,  IM. 

Having  seen  in  your  journal  an  account  of  an  unsuccessful 
effort  to  reach  the  summit  of  Mont  Blanc,  perhaps  you  may  give 
room  for  the  detail  of  a  prior  attempt  attended  with  better  fortune. 
Tlie  letter  1  send  you  is  a  transcript  of  one  written  a  short  time 
after  the  ascent,  and  never,  as  you  wnll  perceive,  intended  for 
publication  ;  but,  as  the  relation  may  excite  some  interest  from 
the  melancholy  event  attending  a  subsequent  failure^  you  may 
deem  it  worth  a  place  in  your  publication,  thoi^h  possessing  no 
irequisite  for  a  work  sol^  dedicated  to  the  purposes  of  science* 

I  am,  Sir,  your  very  humble  servant, 

i:  Uni>rell. 

BEAR  '  Bente^  AmgL  29,  1819. 

You  may  feel  curious  to  have  the  detail  of  my  late  ascent  to 
Mont  Blanc.  I  need  not  remind  yon  that  I  had  long  intended 
making  the  attempt,  but  rather  next  year,  upon  my  return  from 
Italy,  than  kt  this  period.  In  truths  when  I  left  Geneva  for 
"Chamouny,  on  the  4th  ult.  the  weather  was  so  unfavourable  that 
I  scarcely  expected  even  to  see'  the  summit  of  the  mountain ; 
-md  when  the  following  day  at  Sallenche,  I  caught  a  glimpse  of 
it  at  sun-rise,  I  deemed  myself  fortunate,  as  it  became  in  a  few 
minutes  overcast.  In  the  afternoon  I  reached  the  Prieure,  the 
ram  falling  in  torrents,  and  although  it  cleared  up  a  little  the 
next  morning,  all  the  heights  were  still  cloud-capt. 

On  the  7th,  from  that  singular  ice-bound  is.e,  called  the 
Jardin,  at  the  extremity  of  the  macrnificent  glacier  ofTalefre, 
which  branches  to  the  eastward  trom  the  upper  part  of  the  Mer 
de  Glace,  1  had  the  first  clear  view  of  the  top  of  Mont  Blanc, 
which  is  thence  beheld  in  a  most  imposing  form,  rising  so 
abruptly  for  many  thousand  feet,  that  the  snow  cannot  rest  upoa 
its  sides. 

On  the  8th,  the  weather  was  unsettled ;  and  on  the  Qih,  I  set 
off  for  Martigny,  and  had  proceeded  seven  or  eight  miles  towanki 
the  TSte  Noire,  when,  turning  to  take  a  kind  of  farewell  look  at 
the  mountain,  then  quite  clear,  as,  I  was  about  to  enter*  a'  path, 
which,  from  its  direction,  would  have  concealed  it  altogetti«r;  I 
'ftH  at  once  detemrined  to  t'eturn,  and  make  an  attempt  l^eensu* 
nig  morning.  My  guide,  Josef  Marie  Couttet,  who  had  attended 
me  111  eveiy  excursion,  was  delighted  at  this  rrsoinrion,  and 
quite  conhdeut  that  the  weather  would  prove  favourable  ui  spite 
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of  what  seemtd  to  ine  strong^ly  to  indicate  the  coatrary.  Tlie 
result  justified  his  assumj^tion. 

In  tneae  re^ons  there  is  no  barometer  equal  to  the  lacai  expe- 
rience of  the  inhabitants,  which  may  ahnost  invariably  be  rehed 
on.  From  augoring  differently  of  appearances  on  quitting 
Geneva,  L  had^  as  stated  before,  postponed,  in  idea,  the  attempt 
till  next  year,  and  was  thus  imperfectly  provided  with  instru- 
ments which  cannot  be  got  at  Chamouny.  Old  Dr,  Paceaid 
supplied  me  with-  all  he  had,  but  I  could  not  procure  any  good 
barometers,  which  I  most  wanted. 

In  addition  to  Conttet,  I  engaged  five  other  guides,*  who  had 
all  accompanied  two  American  g  ntlemen  a  snort  time  before, 
and  IctL  Llic  Piieuru  about  five,  a.m.  on  the  10th.  We  soon 
reached  the  base  of  the  mountain,  and  after  ascending,  about 
an  hour  and  a  half,  through  a  wood  of  firs  aud  larches  to  the 
east  of  the  Glacier  des  Bossons,  reached  a  little  cottage,  the 
hip^hest  habitalioii,  where  we  breakfasted.  At  half-past  six,  we 
departed,  the  thermometer  being  thcMi  43®  t;  the  sun  shmin<^*brio^ht 
upon  the  Dome  du  Goute,  and  the  western  heights  of  the  valley 
oi  Chamouny,  which  hrst  receive  his  rays  in  consequence  of  the 
direction  of  the  mountains.  At  twenty  minutes  past  seven,  we 
stopped  at  a  large  stone  called  Pierre -Pointue,  from  whence  the 
path  to  the  dernier  gazon^*  is  steep,  winding,  and  diffic«dty 
Aaving  to  the  right  the  deep  ravine. by  the  side  of  the  Bosson^ 
^  which  .name  is  now  applied  to  the  whole  extent  of  the  glacien 
towards  the  Aiguille  du  Midi  and  the  Montaene  de  la  Cote^ 
including  indeed  a  portion  of  what  is  properly  £at  of  Taconay« 
•It  was  half*past  eight  before  we  reached,  the  last  land,;}:  wfaea 
ive  took  a  ladder,  which  is  constantly  kept  there  for  these  excur- 
«ions,  and,  crossini;  a  ravine  covered  with  loose  stones  and 
huge  fiagaitiits  of  rock,  ascended  tlie  Bossons,  overwhicli  con- 
gealed mass,  the  more  lofty  adjoining  giaeicr,  and  the  snows  above 
them,  our  future  path  lay.  Our  shoes  were  fitted  with  the  cram- 
pons  used  on  such  expeditions,  without  which  it  would  have  been 
impossible  to  have  held  ibotiug ;  and  we  had  also  long  staves 

•  These  were  Pierre  Carrier,  Alexis  Du  A'aussoux,  I^Iatlucu  Baliuaty,  Euf^ene 
Couttet,  cousin,  and  David  Couttet,  brother  of  the  principal  leader.  1  give  tlLcii  own 
method  of  spelling  libdr  niinet*  AH  oftibese lean  to  have  attended  Br<  DuHamd  and 
Jiis  party ;  and  die  finit,  an  excellent  man,  wiA  two  others,  wIm»  had  nerer  bete* 

attempted  the  ascent,  pcnsbcd.  The  7>ortor  i>nist  be  mistaken  in  p.ssertini;  that  poor 
Carrier  had  been  1 1  times  at  the  top  ot"  Mont  Bianc.  He  has  confounded  the  unsuc- 
cessful efiR)rts  with  those  that  succeeded,  which  arc  only  about  one  in  four  I  siiuuld 
add  that  bcaideft  the  above  guidea,  tbeia  was  a  hardy  yMidi  of  18  who  aeeampaoied  us, 

in  order  to  become  acquainted  with  the  road. 

+  In  tnVJiu^  the  different  temperatures,  Reaumur's  tliermometer  was  usetl  ;  in  con- 
verting: the  c:Li::recs  of  which  to  those  of  Fahrenbeit^t  scale,  the  fr^ctiomd  parts  of  a 
degree  are  oaiilted. 

t  In  aioeiiding,  waaav  semaldiaraoisat  no  great  distHMaabofeiis,  leaping  from 
rock  to  rock,  with  inconceivabb  agifi^.  Their  appearance  quite  agitated  my  guides. 
Tlicir  pas-sion  for  fo1](^v/inp  this  poor  animal  is  scarrolv  credible,  and  derives  additional 
excitement  froin  ilie  d«4iigers  attending  it.  The  Hniniuciovi  of  a  fox-himter  is  mere  atiilk 
iiU;  compared  with  tlie^l  w^  iifdtiight  wluclipcu:vadc:>  tlxc  chaser  of  the  diamois. 
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pointed  with  iron,  which  are  of  infinite  service  ia  helping  you 
onward,  and  a  safeguard  against  falling. 

There  is  no  part  of  the  ascent  to  Mont  Bianc  which  I  consider 
so  perilous  as  that  from  the  Glacier  des  Bossons  to  the  roek 
called  the  Qrand  Mulet.   Above,  for  a  considerable  space,  are 
the  prodigious  masses  of  ice  at  the  bottom  of  the  Aiguille  du 
Midi,  rising  to  a  vast  height,  and  frequently  overhan^ng  their 
bases  to  such  an  extent  as, to  menace  with  destruction  every 
thing  within  their  influence.   Some  of  this  fell  shortly  after  we 
had  passed,  and  an  enormous  oaantit|r  seemed  likely  to  follow,  . 
and  soon  did,  as  will  be  shown  hf  the  sequel.   At  half-past  10, 
we  rented  upon  a  flat  space  of  ice,  or  rather  froasen  snow,  consi* 
derably  higher  than  Mont  Br£ven,  which  is  more  than  8,300 
feet  above  the  sea,  where  the  thermometer  was  44^;  and  at 
15  minutes  past  11,  stopped  under  an  immense  quadrangular 
blodc  of  snow,  pendant  with  icicles,  and  perforated  in  a  most 
singular  manner.    The  hollows  were  full  of  water,  which  we 
-found  very  refreshing,  as  the  heat  was  almost  intolerable  from 
incessant  exertion.    The  thermometer,  suspended  in  the  sun, 
was  52^  ;  pluno  ed,  it  sunk  to  23°.    The  dangers  increased  after 
leaving  this  place,  and  called  forth  all  the  vigilance  of  the  guides,, 
accustomed  from  their  iniaacy  to  cope  with  such  ditficulties. 
Though  but  a  few  weeks  had  elapsed  since  they  were  here,  they 
found  a  vast  change  ia  appearances,  and  were  oblig^ed  to  proceed 
with  the  greatest  circumspection.    It  is  impossible  to  do  justice' 
to  the  courage  and  zeal  of  these  people,  and  their  devoted  • 
attachment  to  the  persons  employmg  them.    As  a  single  false 
step  would  have  been  fatal,  we  were  linked  together  with 
ropes  at  10  or  12  feet  distance  for  mutual  support.   The  route 
lay  throQgh  masses  of  ice  and  snow,  heaped  confusedly  together^ 
and  tinder  evefy  shape  and  form  imaginable.    Some  of  these 
were  wholly  ice,  Mid  so  hard  as  to  affoM  great  resistance  to  the 
axe  with  which  we  were  frequently  obliged  to  cut  out  steps  for 
our  advance ;  otliers  seemed  in  a  state  of  half  congelation  i, 
many  were  of  snow  quite  soddened,  of  great  relative  gravityy  and 
of  a  dark  hue,  from  the  moisture  imhihed ;  and  some  appeared 
of  a  shining  white,  as  if  newly  fhlien,  or  having  been  lately  preci* 
pitated  from  the  upper  regions  of  the  mountain*  .  We  were 
obliged  to  pass  sidelong  over  many  of  these  huge  heaps,  inclined 
firom  30^  to  40^,  often  with  a  gulpu  beneath ;  and,  occasionally, 
upwards,  upon  a  mere  thread  of  ice  dividing  the  cavities,  whose 
sides  sometimes  approaching  seemed  to  unite  at  various  dist- 
ances below;  while  others,  receding  in  their  descent,  or  being 
quite  perpendicular,  presented  nothing  but  a  vast  abyss  whose 
termination  was  lost  m  darkness.    Any  thing  thrown  or  falling 
by  accident  int  j  these  depths  sufficiently  marked  their  profun- 
dity.   We  deri  ved  great  advantage  from  the  ladder,  for  many  of 
the  chasms  could  not  have  been  passed  without  it,  even  by  the 
mountaineers  who  attended  me.   Though  the  distance  from  the 
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block  of  snow  beibie  nu  ntioned  to  the  Grand  Mulet  in  a  strait 
line  is  trifling,  it  took  us  three  hours  to  attain  it  from  the  diffi- 
^alties  of  the  asoeat,  aod  the  zigzag  dic^ctioa  in  wkich  we  were 
.  forced  to  move. 

«   

The  Grand  Mulet  is  a  rock,  or  rather  ridge  of  rocks,  running 
towards  the  ^umviit  of  Mont  Blanc  in  a  line  aboiit  SSW  and 
NNJB*  it  lies  between  the  chains  of  the  Drotnedaire  and  the 
IKmhb  du  Goali6y  bearing  S  from  the  finit,  and  SW  from  the 
tteoand.  The  intermediate  epftces  form  two  vnlieysy  but  of  one- 
qual  size,  from  the  closer  sjqpfosumation  of  die  Grand  Mulet  lo 
tlie  Dromedaire, .  and  its  contiitiiation*  The  asoeiit  from  the 
Prieur6  is  from  70°  to  72®,  and  from  it  to  the  top  of  the  moan- 
tain  about  00°.  It  has  httle  appearance  of  vegetation;  a  few 
bkides  of  common  grass  may  be  found  growing  in  the  angles  of 
the  crevices,  and  (he  surface  is  covered  in  many  places  with  a 
lichen,  of  a  bright-yellow  colour.  It  M'ould  seem  that  nutlung 
living  would  choose  such  a  place  ibr  a  residence,  yet  my  guides 
assured  me  they  had  seen  mice  upon  it,  and  this  is  conr 
firmed  by  the  fact,  that,  upon  our  return,  one  of  them  killed  a 
weasel,  which  had  no  doubt,  in  some  manner,  made  his  way 
ikhither;  to  prey  upon  thoae  animals. 

The  appearance  of  the  snow  towards  the  Dome  and  Aiguille  > 
da  Goute  is  singular  and  beautiful.    We  had  passed  over  a 
chaotic  mass  of  inequalities,  but  in  that  direction  there  is  a  strikr 
ing  order  and  regularity*   Tiie  chasms  run  inirariably  neailf 
.  £  and       and  the  most  extended  are  the  lowest  in  the  ranges 
The  line  formed  by  the  upper  part  of  these  rents  is  almost 
stout ;  that  by  the  lower  or  detached  part  makes  a  curve  pressiog 
downwards..  This  form  appears  the  consequence  of  thesitnaf* 
tion  of  the  valley  ;5  for  the  ascending  line  being  nearly  N  and  S, 
the  snow  will  naluiciUy,  from  the  effect  of  gravity,  separate  in  an 
opposite  dii<  ction.    When  the  iiicuuibent  mass,  becomes  too 
heavy  to  support  itself,  it  breaks  transverstly,  and  thus  makes 
those  almost  regular  columns,  as  I  should  call  them,  or  paralle- 
lopipeds,  to  which  Saussure  has  given  the  name  of  Serac.  The 
inclination  and  coniiguration  of  that  part  of  the  mountain  upon 
which  the  snovv  rests,  conduces  to  the  formation  of  these  blocks, 
and  the  operating  causes  being  always  the  same,  the.  effect  of 
.  course  will  be  so,  and  this  succession  of  uniform  masses  must 
continue.   The  Si^rac  holds  its  appearance  foryears,  as  the 
snows  of  several  winters  may  be  distinguished  upon  it,  until  it 
yields  to  the  influence  of  circumatancesy  is  resolved  into  smalloc 
Jbeaps,  or,  perhaps,  descends  in  lavanges  upon  the  valley  beiow* 
The  spaoe  between  the  Grand  Mulet  and  the  tihain  of  the  Dio»* 
^ledaire  is  wholly  of  these  enormous  paiallelopipeds,  but  witkool: 
any  regularity  of  line.   The  ascent  tJiere  is  much  more  ppedpfr* 
Ipus  than  on.  the  other  side,  and  the  waters  descending  from  tat 
socks,  which  on  every  side  are  ahu ust  perpendiculai,  produce 
more  fret|ueiit  auu  iebs  umiuna  changes,  aud  ileprive  the  m(M 
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of  miicli  of  that  dazzling  winttness  wfaieh  it  osuaHy  wears  at  fmkt 
elevations.  The  thermometer  at  our  retting  place  at  three,  p.m. 
was  63°.  It  deoUned  vapidly  whh  tiie  son,  and  at  half-past  five 
wmB43^«  The  space  where  we  lay  is  on  the  SW  side  of  theroafc^ 
and  not  nore  than  }8  or  20  feet  by  5  or  6«  It  has  been  made 
somewhat  lerel  by  the  guides^  who  hare  piled  loose  lE^tones  on 
.the  part  towards  the  precipice  as  a  proteetion.  It  was  an 
Gnpleaaaat  bed^  bat  my  guides  slept  as  soondly  as  if  lodged  ib. 
the  most  comfortable  mansion,  and  wit^ioot  being  in  any  way 
disturbed  by  the  thunder  of  the  avalanches  which  kept  iallmg, 
at  short  lutervais,  chiefly  in  the  direction  of  the  Mer  de  Clace. 
One  of  these  men  had  lain  14,  and  another  11  times  at  the 
Grand  Mulet,  in  yaiious  attempts  to  reach  the  top  of  Mont 
JBlanc. 

At  half-past  one  next  day  (tln^  11th),  we  began  our  journey 
by  moonhght.  The  ascent,  though  frequently  steep,  is  not  dan^ 
■gerous,  having  few  chasms ;  so  that  we  were  enabled  to  advance 
without  waiting  for  day^break.  We  were  linked  together  as 
before^  and  made  our  way  in  the  same  ofder^  the  pauses  of  rest 
being  delightfully  filled  up  in  contemplating  a  spectacle,  to  me 
BO  new  and  so  magnificent.  The  sky  at  this  elevation  appeared 
before  dawn  almost  blacki  the  moon  and  stars  seeming,  as  it 
were,  sank  into  the  firmament  The  snow^topped  heights  shone 
asiif  coped  with  stiver— 4t  broad  expanse  of  ckMids,  undulated,  but 
wolionlesB  and  reeplendent  with  the  moon4>eams,  was  stretched 
out  beneath  us,  in  the  midst  of  which  rose  the  bare  dark  pir?na^ 
cles  of  the  mountains,  like  rocks  heaved  up  from  the  depths  of 
ocean.  The  silence  and  soliiude  of  the  scene  aided  its 
effects,  and  induced  a  sensation  which  I  might  seek  in  vain  for 
language  to  depict.  At  four,  we  reached  the  Petit  Plateau, 
where  the  tlif  rmomeler  was  11^.  The  acclivity  ironi  hence  to 
the  more  extensive  level  called  the  Grand  Plateau  is  between  30^ 
and  35°,  the  snow  quite  hard,  and  without  many  irregularities. 
As  we  advanced,  the  Dome  du  Goute  appeared  magnificently 
above  va ;  its  snowa  ibrmed  in  many  parts  into  prodigious  quacU 
langular  masses, placed  with  uniformity,  and  bearing  someresem* 
l)lanee  to  embrasnres.  Behind,  we  had  the  nearer  range  of  the 
Savoy  and  Swiss  mountains,  brightening  with  the  rising  sun ;  and. 
Sue  below,  fVinged  with  ils  ^tha^ons,  the  long  blue  level  of  die 
Leaan  Lake. 

At  six,  wereached  the  upper  part  of  the  Orand  Plateau^  whose 
height  abo^  the  sea  is  fixed  by  Sanssure  at  12,710  feet.  Hem 

was  the  greatest  degree  of  cold  we  experienced,  the  thermome* 

ter  being  5°  All  our  provision  v.as  frozen,  and  the  water  we 
brought  with  us  converted  into  ice.  The  sun  had  just  beamed 
upon  the  place  when  we  arrived,  and  during  the  hour  we  waited 
to  rest  and  breakfast,  the  quicksilver  rose  nearly  16°.  Here  I 
first  beeran  to  feel  something  of  weariness  and  lassitude,  accomr> 
panied  with  a  waut  of  appetite,  and  distaste  for  wine ;  wd  I 
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perceived  that  those  sensatiops  were  participated,  more  or  less, 
by  all  the  guides.  One  of  them,  who  had  for  a  considerable  time, 
with  great  labovu  ,  crawled  along,  was  left  at  our  departure  quite 
exhausted,  and  asleep  upon  his  knapsack.  At  seven,  we  set  ofif^ 
and  the  difficulties  in  a  very  short  time  far  exceeded  any  that  we 
bad  hitherto  expericiued.  The  route  is  to  the  left  towards  the 
Bx)cher  Rouge,  or  f  <i^t  shoulder  of  the  mountain,  a  more  direct 
,  ascent  being  precluded  by  the  formidable  precipices  of  snow 
which  lie  between  the  summit  and  the  Grand  Plateau.''^  The 
inolinatioa  is  in  many  places  60^  and  the  snow  never  hardene. 
The  guides  complained  that  since  they  had  last  been  here,  it  had 
greauy  accumulated,  and  some  of  them  thought  that  all  otfir 
tvouble  had  been  useless,  but  Couttet  was  quite  certain  of  sno* 
ceding,  though  we  sunk  above  our  knees  at  every  step,  and 
were  sometimes  immersed  so  deeply  that  it  was  only  by  much 
exertion  we  could  extricate  onrselves.  The  wind,  which  blew 
freshly  in  our  fitces,  increased  the  difficultv,  and  obliged  us  at 
every  rest  to  turn  quickly  to  leeward  in  order  to  inspire  freely. 
I  was  obliged  to  limit  every  advance  to  25  paces,  and  even  this 
produced  a  painful  throbbing,  witk  great  acceleration  of  puke* 
it  was  during  this  march  that  1  was  surprised  to  see  a  butterfly 
upon  the  wing,  and  directing  his  course  towards  the  top  of  the 
mouiitiiin.  His  flight,  being  against  the  wind,  it  was  conse- 
quently the  effect  of  choice.  This  was  the  only  insect  we  saw 
alive,  but  several  dead  were  picked  oil  the  snow.  It  was  nearly 
10  o'clock  before  we  reached  the  Rocher  Rouge,  from  whence, 
on  the  right,  we  had  a  full  view  of  the  majestic  height  vvhich  we 
were  now  certain  of  attaining.  Here  we  rested  a  short  time,  and 
soon  became  quite  retieshed.  The  day  was  remarkably  fine, 
and  the  tlienuometer  41°.  We  now  saw  the  guide  who  had 
been  left  asleep  at  the  Grand  Plateau,  slowly  making  his  way- 
after  us.  Although  he  was  not  wanted,  he  would  have  deemed 
bis  credit  lost  had  be  not  gained  the  top  ;  and  as  it  was,  several 
of  his  companions  expressed  ^;reat  contempt  for  the  "  imbecille/* 
as  they  termed  him,  such  being  the  spirit  which  animates  these 
brave  fellows. 

The  acclivity  from  the  Rocher  Rouge  f  is  easy,  not  above  25^, 

*  I  cannot  gather  at  what  part  of  the  tacmt  Dr.  Da  BUhucI  tad  Kis  cwapwnkim  met 
with  the  deplorable  calamity  which  ended  so  fatally  to  poor  Carrier,  and  two  other 
guides,  as  the  account  pubUshcd  in  the  Anuah  of  Philosophy  does  not  mention  at  what 
time  the  accident  occurred.  I  should  fancy  it  to  have  taken  place  shortly  afier  quitting; 
Ae  Onmd  Pktnu,  and  adTandag  towaru  die  Riidier  Konge,  aa  tiNve  ane,  or  ircre^ 
for  the  appearance  of  tbe  snow  it  otemaUy  varying,  some  deep  diasms  to  the  left  in  tiiat 
direction,  with  many  preripitous  masses  on  tlie  otiic  r  hand  which  continue  for  a  condder- 
able  space  upwards.  Portions  of  tliese  heaps  are  frct^uently  dcrachcd,  and  bear  every 
thing  before  them,  when  set  in  motion  from  the  8l2p^)ery  acclivity  on  which  they  rest.  If 
my  conjectino  as  to  the  place  of  ibe  nirfbrtnne  be  wdl  Inaiidea,  Dr.  Dn  Hamel  mmt 
then  have  ben  more  than  thiee  hours  and  a  half  from  the  summit  of  tlie  mountain^ 
which  then  seemed  so  near  to  him,  <;n  diffirnlt  is  it  to  judg^e  of  distances  at  these  fleva- 
tiont,  and  with  such  obstructions  to  ciH-nuntcr. 

I  have  preserved  tlie  appeUatiuii&  given  by  the  guides,  who  have  named  almost; 
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and  without  cavities  ;  but  though  it  looked  attainable  with  little 
trouble,  scarcely  any  part  ot  the  journey  was  more  painful.  I 
had  not  before  been  very  much  incommoded  by  the  rarity  of  the 
air  ;  but  now  I  felt  it  so  severely,  and  was  obliged  to  make  such* 
frequent  balts^  that  it  was  almoat  an  hour  and  a  half,  althoiigh 
the  distance  is  trifling,  before  we  conquered  it.  The  inconve^ 
nience  seemed  chiefly  attendant  upon  progressive  motion ;  fqr ' 
mere  exercise,  without  change  of  place,  did  not  much  affect  me. 
The  surface  of  the  snow  towud  the  top  is  completely  waved,  lik0 
water  ruffled  by  a  slight  breeze,  or  rather,  perhaps,  like  a  heap 
of  sand  fiirrowed  by  frequent  showers ;  yet  it  is  the  opinion  oS 
the  Chamounese  that  it  never  rains  upon  Mont  Blanc,  as  tfaev 
observe,  whenever  this  takes  place  below,  that  the  highest  rock 
visible  to  them  is  covered  with  snow.  At  so  many  thousand 
feet  above  the  curve  of  congelation,  it  cannot  indeed  be  other- 
wise ;  yet  a  cursory  glance  would  almost  induce  one  to  thiuk 
the  contrary,  as,  independent  of  the  appearances  before  men- 
tioned, a  portion  of  the  ascent  was  strewed  with  thin  shining 
plates  of  ice,  like  water  arrested  in  its  passage  by  the  hand  of 
frost.  It  was  half-past  11,  a.  m.  exactly  10  hours  alter  leaving 
the  Grand  Mulct,  that  I  had  the  pleasure  to  find  myself  upon  the 
summit  of  the  ancient  continent.  The  highest  part  of  Mont 
Blanc  has  been  said  to  resemble  in  form  an  ass's  back*  It 
is  a  narrow  and  almost  level  line  of  little  extent,  running  ne^ly 
E  and  W,  and  somewhat  higher  at  the  western  end,  curving 
gradually  towards  the  N  to  the  vertical  snows  above  the  Grand 
Plateau ;  and  in  the  same  way  to  the  S,  to  the  prodigious  preci-  , 
pices  over  the  valley  of  Entreves*  The  prospect  from^  this 
colossal  height  was,  as  may  be  expected,  immense,  and  only 
bounded  by  tbe  imperfection  of  human  vision.  The  weather 
was  beautiful,  the  air  quite  clear,  and  the  wind  between  the  S 
and  W,  which  is  what  generally  produces  or  accompanies  those 
optical  illusions  so  frequent  in  the  Alps,  when  distance  seems 
annihilated,  and  objects  the  most  removed  appear,  as  it  were,, 
within  the  grasp.  To  the  E  the  eye  stretched  over  the  Mila- 
nese ;  to  the  SE,  to  the  Parniesan  and  adjacent  countries  ;  and 
S,  towards  Genoa,  and,  periiaps,  to  the  Mediterranean  ;  but  of 
this  last,  1  cannot  speak  with  certainty.  The  Apennines  inter- 
cept the  view  ;  and  I  might  be,  and  probably,  was,  deceived  in 
what  I  took  for  that  sea."*^   A  lai^e  portion  of  the  south  of 

ererf  portkm  of  rock  the  snow  has  not  covered.   A  ridge  near  the  Rodiet  Rouge,  they 
Man  the  Petit  Mukt.   T&c  eM^  draiiUer  is  propexty  Mont  Mandit 

*  In  Ebeirs  Manuel  du  Voyageur  en  Suisse,^'  it  is  stated  that  Mons.  BoarrUty 
with  his  son  and  threp  guides,  reached  the  summit  of  Mont  Blanc  in  1788,  "  mtJgri 
la  grtle^'*  which  had  dispersed  the  rest  of  the  party ;  and  that,  descendingtor  shelter  to 
th«  S£,  Mods*  had  from  thence  fancied  he  saw  the  Mediterranean.  The  aacending 
Hont  Blanc  in  wch  weaAat  at  dtcribed,  I  conedM  to  be  physically  impMnUey  and 
useless,  from  obvious  reasons,  were  it  otherwifle.  Ill  Act,  it  is  denied  atCharaouny  that 
Mons.  B.  everwas  at  the  top  of  Mont  Blanc,  or  at  any  part  of  it,  whence,  from  the  form 
of  the  mountain,  the  r\Ieditcrrancan  could  be  visible.  The  whole  history  is  much 
.lyi^ed  at  by  Di.  Paccard^  and  (he  old  guides  of  Lbaaiouay. 
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France  was  distinctly  visiWe,  with  the  most  distant  range  of  the 
Swiss  mountains,  and  beneath,  in  a  manner  under  our  feet,  the 
Mer  de  Glace  with  its  glaciers,  and  the  vale  of  Chamouny, 
whose  iiiluibit;inls  Avere  clearly  seen  throus^h  a  telescope.  The 
Alps  had  a  verv  siDgular  ap^jearauce.    llic  height  from  \^  liich 
they  were  bt  held  seemed  to  rob  them  of  their  character  as 
mountf\ins  ;  and  the  relative  elevations  of  the  greater  imiiiber 
were  iiardly  perceptible.    Except  Monte  Rosa,  which  towered 
with  nearly  rival  grandeur,  and  a  few  others,  the  whole  looked 
like  a  vast  expansion  bristled  with  merged  inequalities,  whose 
tops  almost  invariably  ended  in  a  pouil.    These  pinnacles  ran  in 
various  directions,  but  in  lines  parallel  to  each  other,  lorraing 
between  them  ranores  of  hollows  covered  with  snow.  This 
'   needle-like  termination  a[ipeaied  universal,  as  except  that  upon 
which  I  stood,  and  Monte  Rosa,  1  scarcely  perceived  an  excep- 
tion in  the  wide  extent  ot  Alpine  region,  which  lay  under  uiy 
view.   The  clouds  were  all  tar  beneath,  and  quite  at  rest.  Many 
were  below  the  mountaui-suinuiits  :  some  up  n  them,  and  others, 
altooether  detached.    Their  forms  were  wholly  semi^Iolmlar,  or 
rather  a  continuation  of  segments  of  circles,  the  extiemilies  of  ■ 
whu  h  were  deiiued  with  perfect  exactness.    A  lew  that  were 
nearly  separated  from  the  larger  bodies  were  completely  round,  ' 
and  seemed  like  small  globes  restinL';  upon  one  of  tlieir  poles.  ' 
These  cloiuk  were  all  nearly  opaque,  and  appeared  of  a  dusky 
white,  luminous  at  the  edges;  but,  just  before  I  left  the  top  of  • 
the  mountain,  when  the  sun  had  considerably  declined,  somti  of 
the  more  distant,  particularly  towards  the  east,  began  to  assume 
that  bright  empurpled  rose-hue  tint,  so  frequently  atteridant  upon, 
and  1  beheve  peculiar  to,  an  Alpine  sun-set.    The  sky  was  of  a 
dark,  deep  blue,  many  shades  more  intense  than  when  viewed 
from  below.    This  colour,  which  approached  to  black  at  the 
zenith,  diminished  gradually  to  the  horizon,  where  it  had  a  kind 
of  violet  tinge.    iSothing  can  be  fancied  so  beautiful  as  the 
ethereal  concave,  arching  out,  if  I  may  so  express  it,  into  infi- 
nity, without  any  exhalation  or  impurity  of  earth  to  intercept  its 
magnificence.   There  was  a  something  in  the  scene  and  the 
situation — a  feeling  of  high-wrought  enthusiasm,  to  which  the 
mind  willingly  lent  itself,  seeming  to  stretch  beyond  the  wonders 
it  contemplated  towards  Him  who  formed  them. 

I  remamed  upon  the  top  of  Mont  Blanc  three  hours  and  a 
half.  During  this  tune,  the  alterations  of  temperature  were 
continual.  The  wind  in  general  blew  str<Higly  from  the  SW,  but^ 
at  intei^als,  it  died  away,  and  a  milder  atmosphere  was  tlie 
immediate  consequence. 

When  we  first  arrived,  the  thermometer  in  the  sun  was  33^; 
placed  upon  the  snow  with  the  same  aspect,  it  sunk  in- five 
minutes  to  25°.  Suspended  towards  the  N  in  a  cold  current  of 
air,  it  was  14° ;  and  in  the  same  spot,  with  the  bulb  in  the  snow, 
fell  to  9^   All  these  changes  took  place  before  mid-day.  IHie 
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greatest  degree  of  heat  we  experienced,  or  rather  seenied  to 
experience,  for  it  was  not  indicated  hy  the  thennometer,  wa4 
about  two,  p. nr.   The  glare  of  the  bwh,  ftoia  which,  we  had  no 
direct  sbelter,  and -the  reaetioa  of^his  reysrbeceniing  ^bolok  paio* 
fttl  from  prolonged  exposttre  to  theoH)  miMit  have  caused  this 
sttoeation.   The  wind  afterwardB  ineteiiBed,  and  when- 1  quitted 
Ibje  'summit,  ibt  thennomtfter  in-  the-  stui'  and  fiill  aiE  waa  ili?^ 
This  is  a  xnnoh  greater  degree  of  cold>  and  a  mooa.  estt ncbd 
▼aiiatioii  of  temperature,  than  was  . felt  by  Saassim,  thou^Ut 
ascent  was  in  Im  same  monlli  of  the  year,  and  onlv  a  few 
earlier — a  proof  o#  the  changes  prevalent  at  such  elevations. 
That  eminent  philosopher  mentions  that  by  placing  himself  in  the 
shade,  he  was  able  to  see  the  stars;  but  though  1  lay  down  in 
the  snow,  and  had  my  guides  with  their  cloaks,  &c.  spread 
about,  so  as  to  form  a  kind  of  night  around  me,  I  was  not 
equally  fortunate,  which  may,  perhaps,  be  attributable  to  the 
dili'erence  of  wind  and  atmosphere.    Sound  is  imperfectly  con- 
veyed at  great  heights,  and  it  is  not  in  the  slighest  degree  rever- 
berated upon  Mont  Blanc.   I  caiiaed  a  pistol  to  be  diaoharged  .. 
aev^tal  times  at  various  distances ;  but  the  cessation  of  tbnk  ■ 
report  was  instantanedus^  and  when.  I  had  it  iired  into  a  caviijii 
ia  the  snow^  and  lay  down  30'  or  40  paoes  off,  the  effect  wtfs  , 
Ae  sanae. 

While  upon  the  summit,  Isent  my  guidea  to  break  off  some  ef 
the  hi^est  visible  rock*  in  Europe,  which  ia  conaideiablf 
Tower  towards  the  SE ;  'and- 1:  send  yon  •  apecunens^  with  mmm 
atone  vitrified  by  lightning,  which  is  occasionsifyibundin  that 
direction.    This  is  the  only  effect  of  that  element  discemiblh 
upon  Mont  Blanc,  which,  by  its  form,  and  the  snowy  cope  with, 
which  it  is  eternally  crowned,  is  shielded  from  its  influence.  At 
three  o'clock,  having  assembled  my  guides,  and  caused  them  to 
join  with  me  in  drinking  to  the  prosperity  of  Old  England,  we 
commenced  our  descent ;  and  in  an  hour  and  a  half  reached  the 
Grand  Plateau.    We  were  linked  in  ascending,  and  passed  the 
declivities,  which  were  not  too  precipitous,  by  gliding  down 
them  upon  our  haunches — a  method  attended  with  no  other 
inconvenience,  except  that  the  foremost  in  the  train  were 
covered  with  the  rubbish  raised  by  the  passage  of  those  behind^ 
In  tiiis  manner  we  proceeded,  and  anived  at  the  Grand  Muieti 
in  three  houili  and  twenty  minutes.  We  found  that  twoiara^ 
lancbes  had  ihllen  in  different  parts  of  our  patb>  neither  of  tbani 
indeed  very  large,  but  quite  sufficient  to  have  ovmihshned  tha 
i^hole  party. 

*  Br.  Du  Hamel  is  mistaken  in  supposing  that  he  had  procured  pieces  of  ihe  high* 
«tiWl«vodc  in  Surope,*'  that  bdng  atnaCed  only  alxnit  S60  feetbdow  tiie  top  of  die 
mountain,  but  several  thousand  ilN'VQ  the  spot,  whence  he  seems  to  have,  got  hu  sped- 
mens.  This  rock  is  the  proto^ene  of  Prof.  JwiM^  buft  thelUMhtt  JEUagtifr^MHlli. 
and  has  a  ied4i«h  hue,  whence  Us  namck 
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While  going  along,  I  could  not  he^>  fancying  that  a  la^e 

Srtion,  or  the  whole,  of  the  stopendmis  compact  body  of  snow 
the  Grand  Plateau  downwards  might  be  coatiotuilly  and 
progressively  descending.  The  disposition  of  the  mm^  and  the 
titafttion  of  the  chasixift  always  lying  where  the  inctinatUm  is 
eontideiaUe.  whh  the  geoenil  appeanmce  of  the  whole,  sug* 
gealtd  the  idea.  This  however,  bat  a  mere  conjectuie,  and 
even  were  it  otherwise,  it  is  not  ascertaiiiiable^  as  along  aeries  of 
years,  peiha^  ftges^  most  pass  hy  before  Ihe  part  now  upper- 
most could  find  its  way  into  the  plains.  The  cold  at  the  Grand 
Mulct  was  very  severe  during  the  night,  and  we  were  very 
poorly  skreeaed  from  it  by  tlie  slight  covering  which,  from  the 
rock  on  one  side  to  the  precipice  on  the  otlier,  we  had  hung 
obliquely  over  us. 

Atfive,  a.m.  on  the  12th,  we  set  off  for  Chamouny,  the  path 
being  too  dangerous  to  make  the  attempt  till  perfect  day-light. 
Our  passage  ^vas  impeded  by  a  tremendous  avalanche,  which 
had  rallen  upon  the  spot,  which,  as  I  stated,  it  seemed  to  threaten 
as  we  ascended  from  tb^  glaciers  at  the  foot  of  the  Aiguille  da 
Midi.   It  covered  an  extent  of  more  than  a  quarter  of  a  mile, 
and  we  were  foil  half  an  hour  in  trayeising  it.   It  nine 
•^clock  before  we  reached  the    dernier  gazon/'   My  eyes  had 
now  become  much  inflamed,'*^  as  1  had  used  little  or  no  precan* 
tion  to  defend  them  against  the  reaction  of  tlie.snn  from  die 
glare  of  white  around  me,  the  scene  being  too  extraordinary  to 
be  viewed  even  through -die  preservative  of  green  crape,  or  any- 
other  medium,  and  I  scarcely  recollect  any  thing  more  painful 
*  than  the  first  flash  of  the  sun  upon  them  as  we  descended.  At 
hali-pa^jt  10,  we  stopped  at  the  Chalet,  where  we  had  refreshed 
ourselves  two  days  before  ;  and  here  tlie  thermometer  was  65°. 
At  half-past  11,  we  reached  the  bottom  of  the  mountain,  and  at 
noon  arrived  at  the  Prieure.    The  heat  in  the  valley  appeared 
intolerable  to  us,  though  only  72^. 

On  the  morning  of  the  16th,  the  all'ection  m  my  eyes  having 
ceased,  I  crossed,  with  my  old  guide  Couttet,  over  the  Tete 
]!ioire  to  Martigny,  and  thence  hy  Bex,  ChiUon,  Vevay,  &c.  to 

Lausannci  where  I  arranged  my  notes,  and  sent  to  a 

-Uttle  account,  which  you  will  here  have  more  at  length.  I  fear, 
bowever,  that  you  will  fancy  it  unreasonably  extended,  and 
wonder  why  any  one  should  take  so  much  pains  to  so  Uttle  pur- 
pose, and  without  any  scientific  result;  nevertheless,  as  the 
attempt  succeeded,  I  consider  myself  amply  compensated  for  all 
the  dangers  attending  it ;  for  I  wished  to  contemplate  Nature  in 
her  mightiest  works-<-to  behold  the  clouds  from  a  region  above 


*  Having  accidentally  met  Ca]»t.  U.  shortly  after  hii  descent,  and  witnessed  what  he 
lias  stated,  T  cannot  too  fttrongly  recommend  the  adoptioaof  UlOiepiecautim  oafltOlj^ 
MoasioQS  which  he  neglected  u>  observe*— 
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-them — and  to  see,  if  such  r  phrase  may  be  penaitted,  how 
2ie%¥ea  look^  from  cue  oil  .  the  piaaoeies  of  earth*  > 

•    •  Ever  risoetely  yours. 


,  Article  X, 

Further  Observations  on  the  Comparative  Advantages  of  illumi- 
nating by  Gas  produced  from  OU  and  from  LoaL    By  M». 
.  Ricardo,  Eeq. 

.  * 

(To  the  Editor  oi  the  AniiaU  of  Fhilasophy.) 

'        SIR,  JBow,  March  21,  1     1 . 

1  A  M  imwilling  to  intrude  the  subject  of  oil  gas  again  upon 
your  readers;  but  there  are  some  observations  made  upon  my 
former  paper  by  a  correspondent  in  the  la&t  number  of  tte 
Annals,  to  which  I  must  chum  permissioa  to  reply.  This  gein*. 
tleman,  whoever  he  may  be,  has  said  mpre  (unintentiomdly^  no, 
doubt)  against  the  management  of  coal  gas  companies  in  g^iieral, 
than  could  be  deduced  from  any  thinff  1  hare  writtetu  My 
object  was  only  to  prove  the  inferiority  of  coal  gas,  wbtsa  brought 
in  comparison  with  that  of  oil ;  but  he  has  shown  that  some  great . 
juismanagement  exists  in  all  the  companies,  excepting  those  of. 
SheMeld  and  Derby;  and  if  the  statement  respecting  the  latter 
be  correct,  the  management  of  the  Sheffield  Company  may  also 
come  in  for  its  share  of  biame. 

I  must  still  persist  in  my  asseitioii,  notwithstanding  your  cor-, 
respondent  diners  from  me,  that  the  advantages  attendant  on  the 
London  Chartered  Company,  are  greater  than  any  other  possess. 
It  must  be  allowed,  that  to  have  the  greatest  number  of  hghts 
in  the  smallest  compass  is  the  highest  advantage  which  a 
gas  light  establishment  can  have.  The  cliedpuess  of  coal  and 
labour  is  of  little  benefit,  unless  there  is  an  ample  demand  for  the 
gas ;  and  what  place  is  likely  to  compete  with  London  in  this 
respect  ?  If  you  compare  this  Company^s  main  with  the  number 
ofUghts  upon  it,  I  should  think  no  provincial  ci<y  or  town  could 
in  any  way  equsd  it. 

.  Your  correspondent  says,  that  the  selhng  price  of  coal  gas  at 
Sheffield  is  upon  the  average  lOs.  6d.  per  1000  cube  feet,  and  at 
tins  price,  it  yields  a  profit  of  10  per  cent*  He  then  asks  some* 
what  triumphantly,  what  I  shaU  say,  when  informed  that  at 
Derby,  gas  is  sold  at  7s,  6d.  per  1(K)0  cube  feet,  and  that  the 
Coiiipany    calculates"  to  share  a  profit  of  10  percent.?  To  this 
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I  can.  only  reply,  that  witiiout  douhtino^  yonr  cnrrespondent  s 
veracity,  1  must  beg  leave  to  doubt  the  fac !  till  the  Company's 
calculation  is  realised ;  besides,  it  Sheffield  retail§  its  gas  at 
10«.  6d»  with  a  profit  of  only  10  per  cent,  there  must  be  some 
extraordinary  and  unaccountable  advantages  attendant  on  Derby, 
or  Bome  gross  mismanagement  on  ShefHeid^  as  I  cannot  see  why 
Ih^  latter  should  not  be  able  to  sell  their  gas  as  low  as  the 
former,  and  at  that  rate  the  profits  ought  to  be  nearer  60  per 
cent,  than  10  per  cent.  From  a  paper  now  before  me,  the 
J>erby  Company  appears  to  be  but  viery  recently  established, 
and  the  promoters  of  it  are  making  tfalbir  calculations  by  antici* 
pation.  One  circumstance  i  beg  to  mention,  where  I  conceive 
then  to  be  cowpletely  in  erret-;  and  i^  their  calculations  of  profit 
HDS  mide  firont  such  data,  they  will  certainly  be  deceived.  This 
paper  states,  that  1000  cube  feet  of  coal  gas  are  equaito  70 lbs. 
of  candles.  This,  I  believe,  is  at  variance  with  every  recorded 
ezperimeni  tiui$  line  jiete  tiied/and  more  patticalarly  with  those 
of  Mr*  Accum,  one  of  the  chief  promoters  and  warmest  advo* 
cates  of  coal  gas  establishments*  In  my  former  paper,  I  have 
flrnn  tlie  result  of  hie  trtak  on  tkie  subject,  and,  according  to 
Siem>  sopposing  these  exper^tkients  to  have  beetif  made  vMtl 
candles  SIX 4e  the  peondv  instead' of  eight,  each  candle  lasting* 
811  bdurs,  a  pound  ^woaM  be  equal  to  24  cube  feet  of  coal  ^as, 
89'4hat  1000  cube  feel  iiiould  be  equal  to  sbmewhat  less  3»m 
4St  lbs»  instead  of  70  lbs.  as  stated  in  the  D^rby  report. 

Your  oorrespondent  next  draws  a  comparison  between  my 
calcidatioa  of  the  expences  of  oil  gas  and  the  Sheffield  6oal  ^ras ; 
but  I  cannot  admit  that  one  of  the 'former  is  equal  only  to  tlirce 
of  the  latter:  I  am  convinced  it  is  fully  equal  to  four,  in  drawings 
the  medium  between  the  two;  and  allowino'  it  to  be  as  one  to 
three  and  a  half,  I  trust  I  have  made  every  necessary  allowance. 
In  that  case  lOUO  cube  feet  of  oil  gas  which  cost  30s.  \wuuld  sell 
for  the  same  j  irice  as  3,500  of  coal  gas,  instead  of  3000  ;  that  is, 
1/*  16s.  9^/.  yielding  a  profit  of  22  per  cent,  instead  of  10. per' 
cent,  as  stated  by  your  correspondent. 

I  am  willing  to  allow  that  some  of  these  calculations  show 
better  on  jiaper  than  in  reaht)%  and  that  there  are  always  some 
great  and  unavoidable  expenses  wliich  cannot  be  immediately 
foreseen,  but  which,  however,  it  becomes  necessarj'-  for  a  newly 
established  Company  to  guard  against  by  a  high  price.  This 
may  always  be  much  mure  easily  lowered  than  raised;  but' 
whatever  these  contingencies  may  be,  they  must,  from  the  nature 
of  the  two  establishments,  be  greater  in  the  coal  than  in  the  oil. 
In  estimating  the  profits,  it  must  always  be  done  with  the  consi- 
deration of  a  certain  demand  for  a  given  number  of  lights:  intc^ 
rest'on  capital,  and  expences  of  management  to  a  certain  extent^ 
must  be  incurred,  whether  there  are  few  or  many  lights  required  ; 
but  when  these  are  properly  balanced  by  the  demand,  a  profit 
apptoximftling  to  what  I  nave  stated  may  be  expected.  . 
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Yoaroorreapondeat  says^tjbat  the  more  unpteasant  the  gas  is, 
the  more  readily  is  its  escape  detected.  I  am  very  iviiliog  to 
aDaw,  that  though  not  so  unpleasant  as  coal  gaa»  oil  gas  is  quite 
enough  so  to  insiire  detection.  The  only  question  in  dispute 
then  IS,  which  may  be  procured  the  cheapest.  I  think  I  have 
proved  that  the  advantages  rest  with  oil  gas ;  hut  even  suppos- 
ing it  were  as  expensive  as  coal  ^*as,  its  supecjority  in  eveiy 
otSer  respect  vriH,  when  its  use  is  as  lyell  known,  give  it 
a  decided  preference.  I  hate  snhfoined  a  table*  of  tb6  cost  of 
gas  at  12  different  establishments^  This  has  been  kindly  for- 
nished  me  bv  a  fnend,  who  undertook,  from  their  printed  rate 
eaids,  to  make  the  necessary  calculations,,  and  which,  I  beheve, 
may  be  strictly  depended  on  for  their  accuracy. .  This  taUe  will 
be  a  sufficient  proof  that  in  eiitimatin^  the  selling  .price  of  gas 
generally  at  155.  per  1000  cubic  feet,  i  . have  not  been  so  wrong 
as  your  correspondent  has  assumed ;  but,  on  the  contrary,  that  my 
estiLiiatc  hiis  been  too  low  instead  of  too  high.    The  avcnige 

Frice  tortile  12  establishments  quoted  is  \(5s,  \0<L  instead  of  155. 
have  been  unsuccessful  in  my  enduavouis  to  procure  rate^ 
tables  either  of  the  Sheffield  or  Derby  companies^  I  have  seen 
a  printed  paper  from  Derby  which  states  the  iutejiliun  of  the 
promoters  of  that  estabUshment  to  sell  gas  at  7s,.  6d.  per  1000  ' 
cubic  feet ;  but  I  Jiave  seen  no  document  .from  which  it  can  be** 
inferred  that  they  actually  do  so  sell  it.  '  ^ 

Were  I  to  hazard  an  opinion  on  the  cause  of  such  small  profits^' 
as  are  generally  known  to  accrue  even  irom  gas  estabhsh- 
ments  which  make  high  charges,  I  should  attribute  it  to  the 
iiijudicious  mode  of  charging  for  light ;  namely,  by  the  number 
OT  burners  used  instead  of  by  thp  quantity  of  gas  consumed  ;  in 
the  former  way,  there  is  no  check  upon  the  consumer;  and 
every  one  \vho  walks  the  streets  in  the  evening  must  observe  the 
extravagant  waste  of  gas  in  the  different  shops — an  extrava- 
gance which  does  not  benefit  the  consumer,  while  it  very 
seriously  injures  the  Company  providing  the  gas.  This  might 
be  obviated  by  the  use  of  the  gas  meter:  the  perfection  to 
which  this  machine  is  now  brought,  and  the  correctness  with 
which  it  re^sters  the  quantity  or  gas  that  passes  through  it, 
will  ensure  its  preference  over  every  mode  of  estimating  the 
inrice  of  gas  both  to  the  CompanieSi  and  the*  consumers,  if  it 
became  generally  adopted.  > 


^     Vew  Series,  vou  i.         2  b 


Table  of  the  Prices  at  7vkich  Gas  is  charged  per  1000  Feet,  cakn- 
latedfroih  the  Rates  of  various  Places,  takittg  the  large  Argmd 
Burner  until  10  o'Cloch  as  the  Standard,  and  reckoning  the 
Consumption  of  Gas  at  Jive'  Cubic  Feet  pet  Hour  jfar  such 
Burner,  and  the  Nupiber  of  Hours  in  one  J  ear  to  be  i  100,  «r 
3^,  on  the  Average  for  313  Hays. 
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P.S. — Since  writing  the  above,  I  have  been  success£ui  in 
obtaining  a  Sheffield  rate  card.  Calculatiiig  on  the  same  scale  as 
the  others  haye  been  done,  1  hud  the  cost  of  gas  is  17s.  per  1000 
cube  feet  instead  cf  Vis.  as  stated  by  your  corres^ondeiit.  Hit 
highest  discount  which  they  allowed  is  20  per  cent,  on  large 
payments;  tlirs,  taking  the  medium,  would  aveiaLie  tlu  L^ai 
15s,  2(/.  instead  of  lO^i.  tlie  c^uantity  sold  by  the  i^eter  at  any 
of  the  works  is  so  small,  I  understand,  that  uo  ciiLculatiop  can 
be  made  frotn  that  mode  of  chaiging.  The  difficuUy  which  my 
friends  have  had  in  procuring  me  tlie  rate  cards  has  made  me 
so  late  in  transmitting  tliis  paper  to  you  ;  and  lliis  last,  of  Sh«i- 
ficld,  the  most  important  of  all,  I  have  only  nbuuned  this  mora- 
*ng.  I  am  aware  that  the  time  o{  your  ree^ivrng  communications 
has  elapsed  ;  1  cannot  any  Ion<;er  encroach  upon  your  indul- 
gence ;  and  instead  of  rewritmg  the  paper  altogether,  whicli  I 
should  not  be  able  to  do  for  this  month's  insertion,  I  w^at 
request  you  will  insert  this  as  a  postscript.  Although  I  enter- 
tained some  very  considerable  doubts  of  your  correspondents 
correctness,  I  did  not  like  to  express  them  till  I  had  satisfactoi) 
.  proofs  instead  of  mere  surmise ;  these  are  furnished  by  the  rate 
table  before  me;  and  the  charge  which  your  correspood^&t 
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%ibught  agaiiifit  me  of  fabt  «iljMato  t>6tler  infiiraiotioii  bMm  I 
MtimUked- the  price  of  gas  «t  what  fdid  m  my  former  paper^  may 
«arteinly  be  vetorted  upon  him,  for  not  hanng  made  hu  state- 
oneilts  mofe*  teonrect  than  he  has  done*  I  noii  ho weveri  indebtet 
4o  for  afibrdmg  me  an  opportnnitv,  not^nly  of  eeniirmmg 
mf  foraier  statement^  bat  of  showmg  that,  instead  of  exaggeval^ 
ing  the  superiority  of  oil  gas  in  point  of  edsnomy,  I  haye  andei^ 
mfStd  it,  and  that  its  advantages  are  much  gveater  Aaa  I  had 
«B]Fi«lf  'Conceived  before  i  entmd  into  tins  tnore  compkite  i»?e«- 
4i||ation*  Had  it  been  practicable,  it  would  not  \%m  been 
■Mintierssting  to  have  shown  what  dividends' are  paid  by  tha 
mimve  enumerated  Con^anies-;  how  many  pay  10b.  per  eent. ; 
imm  many  pay  more ;  now  many  pay  less ;  and  how  many  pay 
none  at  all. 

I  am,  yours,  Sec.  M.  RiGARi>o. 

JKm*SS»UtL 


irAi  oM  Cafi,  Kater^s  Exferinmis  on  tht  Leng/ti  ^  iht 

(To  the  £dit9r  of  the  Asmh  of  VW/mgh^ 

notices  of  Capt.  Kater's  experiments  on  the  length  of  the 
pendulum  have  occasionally  appeared  in  your  journal,  the  fol- 
lowing remarks  relative  to  that suj:>ject  may,  perhaps,.be  allowed 
aplaceinit.   lam,&c.&c.  jK*  ^ 

An  article  appeared  in  tlie  Edinbiirf^h  lleview  for  Novcm])er, 
1820,  inVing  an  account  of  (  'apt.  Kater's  experiments  for  dcter- 
TTiiiiiii^j;  tlie  length  of  the  pendulum  at  ditierent  stations  ni  Great 
BntHin  ;  and  the  writer  has  made  some  observations  which  seem 
to  be  tbunded  in  an  erroneous  view  of  some  of  Capt.  Kater's 
atatements.    At  p.  343,  the  following  passage  oticurs  : 

"  Capt.  Kater  seems  to  have  mistaken  the  import  of  Dr. 
Young's  statement,  when  he  uses  this  correction  for  the  attrac- 
<tion  of  the  '  elevated  part  interposed  between  the  general  surface 
and  the  piaee  of  ometnMion^  nothing  being  said  of  haterdl 
attraction  causea  by  surroundiftg  matter.  But  Capt.  K.  applies 
the  correction  for  the  error  produced  by  hills  lying  round  ihe 
point  of  observation.'* 

On  this  passage  I  have  to  remark^  that  Capt.  Kater  does  ndt 
tOMAj  the  correction  for  the  error  produced  by  hills  lying  round 
line  point  of  observation.  Indeed  the  only  proof  which  this 
writer  brings  to  support  his  charge  is,  that  Capt.  K.  says,  **  tha 
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height  of  the  8ftalioii«t  Unst  was  Covod.to  ]>e.28  feeiabosre  low 

\¥ater ;  whence  we  have  0*12  for  the  correction^  as  deduced  from 
the  squares  of  the  distances  from  the  earth's  centce ;  and  as  the 

station  at  Unst  was  surrounded  by  hills  composed  of  serpentine, 
I  shall  Laku  012  x  i  =  0*06  for  the  correctioa  to  be  applied  in 
order  to  obtain  the  number  of  vibrations  which  would  be  made 
at  the  level  ofthti  sea.— (Phil.  Trans.  1819,  Pint  III.  p.  354.) 

Here  it  is  surely  obyigus  that  he  introduces  the  consideration 
of  the  natui  e  of  the  hills  surrounding  his  station,  not  for  the  pur- 
pose of  apj)l\  ing  a  correctioa  for  their  attraction,  but  as  aflbrd- 
jng  a  presuiiiption  of  what  might  be  the  nature  of  the  substratum 
of  the  place  of  observation  ; — a  consideration  which  Dr.  Young's 
rule  requires  to  be  introduced,  as  the  correction  varies  not  only 
with  the  nature  of  the  eminence,  but  also  with  its  density. 

Having  thus  attempted  to  m^ake  out  that  Capt.  K.  has  ynis^faken 
and  misapplied  Dr.  Y.'s  ruie,  this  writer  next  proceeds  to  find 
fault  with  the  (juanliti/  deduced  from  the  rule.    After  quoting 
"    Dr.  Y.'s  account  of  Ills  correction  from  the  Phil.  Trans.  1819, 
Part  I.  p.  93,  and  stating  that  the  correction  for  a  tract  of  table 
'  land  of  a  mile  m  thickness  will  be  -^-jj  of  the  whole  correction 
for  elevation  ;  he  proceeds  to  remark,  **  If  this  be  the  case,  we 
cannot  perceive -the  grounds  on  which  Capti  K.  takes  ^,  only  a 
little  less  thanT^^ij-  for  the  correction  applicable  to  an  elevation  of 
28  feet,  in  t)ie  actual  state  of  the  superficial  inequalities.  We 
may  have  overlooked  some  step  in  his  reasonings  or  Dr,  Y/s  ; 
-   but  we  feel  bound  to  state  our  difficulty  as  it  occurs." 

There  is  doubtless  .some  difficulty  in  the  case ;  but  from  Dr* 
Y.'s  own  wordsi  it  appears  that  he  considers  "  that  for  a  place 
isituated  on  an  elevated  table  land  of  a  mile  in  thickness,  of  the 
mean  density  of  the  earth,  the  allowance  for  elevation  would  be 
reduced  to  one*half ;  and  in  almost  any  country^  that  could  be 
chosen  for  the  experiments,  it  must  remain  less  than  three 
fourths  of  the  wbql^  correction  deduced  immediately  from  the 
.duplicate  proportion  of  the  distances  from  the  earth's  centce*^ 
Ihua  the,  con'ection  (as  Capt.  It.  remarks)  will  vary  according  to 
nature  of  the  eleyatiooy  and  also  its  density  from  oae-haxf  to- 
^ee-fourths  of  the  quantity  before  deduced.  In  ftm  situation 
it  will  not  be  reduced  less,  than  one-half ;  not  more  than  thzee- 
fonrths.  Thescf  cpn^iderations  seem  to  jbave  been  overlooked  by 
this  writer;  still,  however,  I  do  not;  mean  to  assei*^  thattlie 
^xmiobeii  are  absolutely  correct*  It  is  to  be  wished  that  boitb 
dapt.  K.  iuid  Y.  had  given  a  more  detailed  account  of  the 
method  of  finding  this  correction. 

In  a  subsequent  page  (347),  this  writer  observes ;  from  the 
great  disturbmg  force  at  Arbury  Hill,  we  may  infer  that  there 
exists  very  near  it  a  mass  of  matter  of  considemble  density. 
Capt.  K.  con)ectures  that  this  mass  i'i  iMount  Sorrel,  which  con- 
sists of  graiiite,  and  other  lucks  of  primitive  .formation  are 
situated  in  its  vicinity." 


- 'd  vj^.vv'^le 


  .....  x  » 

1831.]        F^roeeedifigs  of  Phifosophkdi  Sodeties.-  389 

Now  here  it  is  to  be  observed ,  that  Capt.  K.'s  conjecture  h 
misrepresented,  as  will  be  clear  *from  a  reference  to  bis  owa 
words,  Phil.Trans.  1819,  Part  III.  p.4?5: 

•  "  It  would  be  no  improbable  comecture,  that  tlie  sudden: 
increase  of  gravitation,  observed  at  Arbnry  Hill,  maybe  occa- 
sioiied  by  a  rock  of  primitive  formation  approaching  the  surface 
of  the  earth  in  the  viciniti/  of  that  station." 

He  then  snbjoins  in  a  note,  *^  I  find  the  conjecture  I  have 
ha/arded  remarkably  supported  by  fact;   for  on  consulting- 
Smith's  Geological  Map  of  England,  it  appears  that  Mount 
Sorrel,  a  mass  of  granite,  is  situated,  together  with  other  rocks 
of  primitive  formation,  about  SO  miles  to  the  N  of  Arbnry  Hill/* 

This  is  surely  very  different  from  sayirtg  that  the  attracting' 
mass  is  Mount  Sorrel.  That  rock  is  obviously  mentioned  only 
to  show  the  probability  that  granite  may  form  the  substratum  of 
some  point  near  the  place  of  observation. 


-  Froceediiigs  of  Fiuioso^hicul  Societies. 
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BQXAL  SOCIETY,  , 

April  3. — A  paper  was  r  ad,  "  On  the  Separation  of  iT6vt 
from  other  Metals/'  by  J.  F.  W.  Herschel,  Esq.       .  . 

Mr.  Herschel  pr(^06e8y  as  the  basis  of  a  rigorous  separation 
of  iron  from  the  metals  hot  p)*ecipitated  by  sulphuretted  hydro* 
gen  which  it  most  usually  contaminates  (manganese^  cerium^ 
nickel,  and  cobalt),  a  pecaharit^in  the  peroxide  of  iron^in  virtue 
of  which  it  is  incapable  of  Subsisting  in  a  neutral  solution  at  the 
faoiHng  temperature.  '  If  a  Solutioh'"of  this  peroxide  be  neutral-^ 
iaed  when  cold,  and  then  heated;  a  portion  is  deposited  in  the 
stat6  of  a  subsalt,  and  the  liquid  becomes  acid.  If  allowed  to- 
cooly  and  again  neutralized,  a  fresh  portion  of  the  metallio  eon^ 
tents  separates  on  re-applying  the  hent,  and  so  oh,  till  the  <^uaa-^ 
tity  hela  in  solution  is  no  longer  sensible  to  the  most  dehcate 
reagents,  tf,  on  the  other  hand,  the  neutralization  be  performed 
fdkile  actual^  Mling,  we  attain  this  limit  at  one  operation. 
Hence  Mr.  Herschd  recommends  the  following  process :  Having 
peroxidized,  by  means  of  nitric  acid,  a  solution  containing  iroa 
and  any  of  the  above-mentioned  metals^  drop  into  it,  tohile  bM» 
ing,  carbonate  of  ammonia,  till  die  acid  reaction  is  entirely 
destroyed,  and  even  going  a  litth  bej^ond  thepffitit  exact  netif^' 
traUKotion^ '  ilie  whme  of  the  iron  to  the  uist  atom  is  sepa*^ 
rated,  while  the  liquid  retains '  in  solution  the  (jther  *  metallic - 
.  oxides,     wU  as  ine  'mmite  portion  of  their  carbonates  due  to-  a 
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trifling  exxess  of  the  aUuriine  preoipiUmti  i»  Ike  ^cum  of  cobilt 
aad  ceriuiia^  the  alkaline  carbonate  may  be  added  in  considcsir* 

ble  excess  without  separating  any  of  those  metals,  aud  their 

solution  s(i  iVeed  from  noa  is  ilien  a  most  delicate  test  of  the  pre-  | 
aeiice  of  tiic  luiter  metal.  ■  I 

.  April  12. — ;V  paper  was  read,  On  the  Mean  Den&ity  oi  the  I 
Earth,  by  Dr.  C.  Huiton.  I 
At  the  same  meeting  a  paper  was  read,  On  the  Restoration  of  I 
a  Portion  oi'  the  Urethra  in  the  Perina^um^  by  H.  Eaile,  ■^^* 

GEOLOGICAL  SOCIETY.  * 

Feb.  16. — An  introdiictory  essay  on  the  Geology  of  India,  hf, 
H.  T.  Colehrooke,  Esq.  M(fS.  was  read. 

The  physical  geology  of  India  may  be  considered  as  resolving 
itseit  into  three  great  divisions  ;  viz.  1 .  The  peuuisular  tract, 
which  constitutes  the  south  of  India  ;  2.  The  belt  of  flat  country 
•  extendino-  from  sea  to  sea,  and  distinguished  by  the  name  of 
Middle  India;  3.  The  continental  mountains  which  form  the 
northern  limit  of  India,  rising  between  the  middle  region  and 
the  vast  extent  of  Tartary,  and  extending  more  than  15^  of  lon- 
gitude in  a  direction  from  WN  W  to  ESE. 

In  the  champaign  country  constituting  middle  India,  three 
principal  divisiotis  may  be  noticed;  1.  The  tract  watered  by  the 
Ganges  and  its  tributary  streams ;  2.  A  Tract  watered  by  the  Indus  ; 
and,  3.  The  intermediate  desert^  on  which  the  Saraswat^  loaea 
i^elf. 

Of  this  countiy,  a  striking  feature  is  the  total  absence  of  pebhla 
cr  foiled  stones  ofaiiykind,  except  in  the  beds  of  the  rivers>  for 
'  afttvv  miles  after  they  quit  the  hills ;  and  the  sabsoii  of  the  plaift 
is  every  where  earthy  and  commmlrtaciy  except  in  ^eefCaia 
hMtanceSy  whete  nodulesy  or  eoascfetieASi  have  been  fonnil. 

.  Dbffoughont  this  extenuve  plain,  there  is  neiiher  mine  aor 
qitairy :  the  banks  of  the  river  being  usually  pvecipitaQs  fOnms 
side^  wad  shelving  on  the  othefi  exhibit  seelions  ct  strata  down 
to  the  level  of  their  beds.  Scarcely  any  other  nsitasal  sectioa<  is 
found ;  and  the  sinhing  of  wells,  or  boiring  for  watei^  is  the  only 
opporibnnily  whick  art  present  for  the  eftuninatioii  of  strata* 

•  The  aurfoce  is  every  where  alluvial,  and  the  strata,  as*  &r  as 
t|uey  have  been  observed,  are  horizontid.  Beneath  the  supeefi* 
cial  mould* the  subsoil  is  sand,  clay,  or  Ipam  in  layers  more  or 
less  intermixed,  and  distinj^uished  by  colour  or  texture.  In  the 
inferior  strata  of  clay,  nodules  or  concretions  of  the  same  sub- 
stance are  sometimes  met  with.  The  upper  strata  of  siUceous 
sand,  as  well  as  liiat  found  in  the  bed  of  the  Ganges,  generally 
abound  iu  iVaguients  of  mica  ;  but  in  some  places,  beds  of  sand 
conlaminated  with  salt,  and  ia  others,  beds  exclusively  composed 
of  salt,  are  fuuiuL  '    r   '  " ..   "  •     *.  ;  " 

'  hi  a  very  fevv  s^pot^,  and  at  uo  great,  depth  below  the  surface^  ^ 
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nodulett  xif  «i«tt[c«mw  mitom.  andrimgiiil^  Auptt  are  met  witb^' 
iTtkiolH.  on  cafokiatioB,  ^ibwl  m  inipiice  lime ;  but  jbhroughout 
the  low  country,  limestone  isgeimaUy  deficient.  A  smaUhillat 
Mfmihfsiri;  in  North  Bengal,  b^g  one  ofi  tbtt  few.  isi8tttice8.of 
detached  hills  ia-the  midst  of  thk^ciiampalgng  .C€imtry,  is  a,rock 
cmuposecl^  oil  rouiulkl  pebblee  suidvaagiuar  nodules  imbeddfid  in. 
a^c«mAito£-Ufee  natore,  but  difierent  colow  Both  eiferreaoe 
ymUkk  %Mh,  and  the  oeamt  leaves  tbe  lavger  ineoluble  pro* 
porti0n»  ..... 

In  some  places,  at  a  considerable  depth  below  the  surface  ; 
for  instance,  at  Cdcuttli^  at  the  depth  of  30  to  35  feet,  fossil 
wood  not  petiifted,  but  more,  or  less  roUeii,  and.  decayed^  is 
fooady  and  sometimes.  ii»lai^e  blocks*.  Ve9etebie.pietriiactioiia 
aM  alao  sooaetinieB'met  withv  and  in  particular  siiicified  wood*  ^  . 

- 'Sacept  fragments  of  shdis  abounding  in  the  flaviatile,  sand^ 
no  animal  exuvisB  have  as  yet  been  foustfl  within  (he  limits  of . 
the  low  coimti^  of  Middle  India. 

March  2.-^Fart  of  an  "  Outtine  of  the  Geology  of  Russia/' 
by  the  Hon.  W,  L  H.  F.  Strangways^  MGrS.  i^as  read. 

Of  the  Russian  empire,  the  two  great  divisions^  viz.  Rusi^ia, 
properly  so  called,  and  Siberia,  must  be  considered  in  a  geolo-^ 
gical  point  of  view,,  as  perfectly  independent  of  e^ch  other^  tlie 
same  boundary  dividing  tbe  two  6ountrie8,  and  the  two  tracts  of' 
secondary  formation  belonging  to  them.  The  empire  contains 
five  pnndipaL  mining  districts ;  \'m  tW'0«in  Europe,  two  in  Asia, 
and  one  on  the  confines  of  Russia  and  Siberia.  Those  in  Euro- 
pean Russia  are  the  northern  or  Finnish  district,  and  the  central; 
the  former  reacliiug  from  the  gulf  of  Bothjiiia  to  the  lake  Oneoja; 
the  latter  stretchin'j;  across  the  country,  in  an  oblique  direction, 
from  the  govern lut^nt  of  Kulouga  to  that  of  Nishegorod.  Tlie  ; 
border,  or  Oural  distiicl,  comprehends  the  C)ui  ,il  mountains  as 
far  as  they  have  been  explored.  The  twu  ininmg  districts  that 
lie  entirely  within  the  iVontier  of  Siberia  are  those  of  Kolyvan,  on 
the  west  frontier  of  China,  and  Nerchinsk,  on  the  frontiers  of 
China  and  Siberia  towards  the  Pacific  Ocean.  . . 
.  In  traversjiing  Russia  from  north  to  south,  we  find  a  great 
extent  of  primitive,  country  comprehending  Russia,  Lapland, 
Old  audXew  1  mhind,  tlje  northern  parts  of  Carelia,  ar>d  part  of 
the  government  of  Olonetz,  and  forming  ev  idently  a  prolongation 
of  that  of  Sweden,  with  which  itsxonnectiou  may  be  traced  by 
the  Isles  of  Aland,  on  the  sJ^uth  by  those  in  the  centre  of  the 
Guli  of  Bothnia,  and  by  the  Lapland  chain  of  mountains  on  the 
north.  Of  this  district,  the  northern  [r.n  U  are  said  to  consist 
principallv  of  trap  rocks,  the  centv  il  <j\'  li^neiss,  and  other  varie- 
ties ot  s  dustose  rocks;  while  the  northern  border  is  composed 
entirely  of  granite. 

ihe  islands  of  Pargas  in  the  Gulf  of  Bothnia,  about  two  miles  • 
south  of  Abo,  present  in  general  the  same  features  as  the  main 
land;  being  in  faot  but  conUauations  of  the  hilk  of  the  contioeat^ 
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On  one  of  the  pniici]Mil  islands  of  this  groups  the  wimtA^  knoim 
by  the  name  of  pargasite,  is  found  ia  one  pcmore  large  y^n8.of« 
wnite  primitive  timastone  which  traverae  jkbe  idfgad  imaftide  to 
side,  and  which  seem  to  bear  somei  aoalo^  witih  respect  to,  their 
geological  sitimtion^  and  their.  e]|tenial  <£araeter8,  to  the  limie- 
Btone  of  the  Hebrides,  especially  in  the-  Isle,  of  l$re|r* 
country  throuj^h  wfaicli  thisi  iimestone  passfss  is  gneiss,  the 
fissures  of  which  are.  in  a  direction  parallel  io  the  ccHiTse  of  Iha 
Tein.   The  breadth  of  the  vein  varies  from  30  to  ICIO  fioet* 

ASTRONOMICAL  SOCIETY,  ' 

1      •  •  •  • 

April  13.— A  paper,  from  Mons.  Nicollet,  of  the.Royal  Ofaser-*- 

vatory  at  Paris  (communicated  by  the  Foreign  Seeretary)^  was 
read  this  evening :  it  contains  his  own  calculations  of  the , 

elements  of  the  comet  lately  discovered  by  him  in^the  Constella- 
tion PegaiiUi.i  they  are  ab  ioUows,^  viz. 

Perihelion  passage,  March  21   9^   33'  l'^  Paris  time 

Perihelion  distance  0-091113 

Log.  Perihel.  dist.   8-959o327    '  * 

Longitude  of  ascending  node   48^32'  12^' 

Longitude  ofperihelion  (on  the  orbit)  239    18  37 

Inchnation  of  the  orbit   74   10  53 

Motion  retrograde. 

A  paper  likewise  on  the  same  subject,  transmitted  to  the 
^'Ocietv  by  Dr.  Gibers,  one  of  its  associates,  was  read  ;  it  con- 
tained  the  foUowing  elements  calculated  by  Professor  Encke,  of 
Seeberg,  by  Professor  Nicoiai,  of  Manheim,  and  by  Mons.  Von 
.Staudt,  of  Gottingen. 


1    Pxcf.  Endce.  1 

Prof.  Nicdai. 

M.  VonStnidt. 

Perihel.  passage  •. 

Long,  of  perihel. . . 
Log.  perihel.  dist. . 
Lon^.  ascend,  node 
Inclmation  of  orbit. 

Mar.  21.  405 
M.T.  Seeberg. 
239°  20'  46" 

8-95966 
48   34  37 
74    5  0 

Mar.  21.  6016 
M.T.Manheim 
239°  34'  6" 

8-96466 
48  43-34 
73   33  16 

Mar.  2L  6026 
M.T.  Gottiog; 
239°  36'  0"' 
8-9(341627 
48   45  44 
73    16  33 

Motion  retrograde. 

In  this  paper  atso  allasiontis  n^ide  to  the  anomalous  appear- 
ance lately  observed  on  .the  moon's  disc,  of  which  it  will  be 
remembered  that  an  account  was  presented  to  the  Royal  Socie^ 
by  our  countryman  Capt.  Kaltptr*  The  Doctor,  however,  diffeca 
from  the  British  philosopher  as  to  the  cause  of  the  pjbenome^QDt  > 
and  does  not  consider  it  volcanic.  ^      '  - 

A  Inscription  of  an  improve4  ^fpe^i^w  Inatrumefit,  by 
Q^orge  DoUond,  FBS..  apd  mamber,     thia^OKsielyy  ivoa  iim^i 
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read.  Its  advantages  over  otliers  are  obtained  by  applying  a 
transverse  axis  to  the  telescope  and  declination  circle,  thereby- 
giving  them  all  the  perfections  of  the  transit  instrument,  without 
diminishing  their  repeatini:  properties  ;  and  by' the  application  of 
two  levels  alternately  becounng  finders  to  the  teles-cope,  which 
render  the  back  semicircle  unnecessary,  a  contrivance  which 
saves  much  loss  of  time  when  repeatiniz;  -zenith  distances.  Tho 
instrument  is  also  constructed  to  repeat  in  azimuth,  and  is  fur- 
nished with  a  very  deUcate  level,  as  a  check  upon  the  horizontal 
circle,  and  which  answers  all  the  purposes  of  an  under  telescope. 
The  object  glass  of  the  telescope  is  of  two  inches  diameter,  and 
*  17  inches  focal  length :  with  it  the  pole  star  may  be  distinctly 
obsenred  in  the  day  time.  The  angles  Inre' read  off  to  efery 
tenth  second  by  verniers  and  fixed  microscopes.  The  instmment 
differs  from  all  others  previously  made ;  is  furnished  with  every 
requisite  for  ascertaining  vertical  and  horizontsd  angles,  and 
wmch,  if  taken  singly,  may  be,  ia  the  author's  opmioiiy  as 
correctly  obtained  by  this,  as  by  any  instrument  oi  .  the  same 
dimensions  not  possessing  the  repeating  principle. .     _  *  j 


Article  XiJlL 

SCIENTIFIC  INTELLIGENCE,  AND  NOTICES  OF  SUBJECTS 

CONNECTED  WITH  SCIENCE. 

I.  Purjjle  Poxmder  of  Cassias, 

Dr.  Clarke,  of  Cambridge,  has  recently  examined  the  purple  pow- 
der of  Cassius  ;  and  from  his  experiments,  he  concludes,  that  the  binary 
compound  which  he  analysed  consisted  bf  the  oxides  of  tin  and  gold, 
and  contained  these  oxides  chemically  combined  in  the  exact  propor- 
tion of  three  part.^  of  tin  to  one  of  gold;  and  that  the  alloy  of  the  two 
metals  obtained  by  the  fusion  of  100  parts  of  the  purple  powder 
would  yield  .  ,   .  ^. 

Metallic  tin.   75 

lyietaUic gold  ,..  25 

100 

Because  8*10ths  of  a  graiin  of  the  alloy  yielded 

Metallic  tin   0  6 

Metallic  gold   0*2 

Dr.  Clarke  also  infers,  that  in  precipitating  the  purple  powder  of 
Cassius  from  the  muriate  of  gold,  by  means  of  the  muriate  of  tin,  tiie 
two  melals,  tin  and  gold,  are  thrown  down  as  oxides,  which,  however^ 
do  not  chemically  combine  in  a  constant  relative  proportion  to  each 
other ;  tiiat  the  quantity  of  tin  always  e^^ds  th^%  of  the  foH  I  AQsl-  (h^t 
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the  diflference  observable  in  the  hues  of  the  precipitate  made  at  differ- 
ent tiraes  is  to  be  ascribed  to  the  different  proportions  in  which  the 
oxides  of  the  two  metals  have  combined  together,  and»  perhaps,  also 
to  their  different  degrees  of  oxidation. — (Transactions  of  the  Cambridge 
Philosophical  Society.) 

.  « 
II.  Qiiantitij  of  Copper  raised  in  Cornxvall,  > 

In  Six  Mont  lis  ending  June  1819. 

The  produce  of  58  mines,  3327  tons ;  of  which,  1736  tons  were  pro- 
duced by  six  mines  as  under : 

Ore.  Copper. 

United  mines   5005  tons   4-194- tons 

W.Abraham,  &c   5496    395 

Dolcoath   4701'        '   345-J- 

Treskcrby   2313    197 

•    Wheal  Squire   2353    195^ 

Crennis   2407      *   183j^ 


22278  1736 

Produce  of  the  ore  about  7  V  per  cent.    '       •  * 
Price  of  copper,  131/.  per  ion. 

« 

In  Six  Alonths  en  dins  Dec,  1819. 

The  produce  of  74<  mines,  3477  tons;  of  which,  ITGS  tons  were  pro- 
duced by  six  mines  as  under : 

Ore.  Copper. 

United  mines  5817  ton.s   482  tons 

W.  Abraham   5655    395 

Dolcoath   5305    375 

Wheal  Squire   2053    188 

Treskerby   2170    185 

Wheal  Unity,  &c   1873   148 

22873  1768 

Produce  of  the  ore  about  7n  per  cent.  '  . 

Price  of  copper  124/.  per  ton. 

•   In  Six  Months  endinor  June  IS20. 

o 

The  produce  of  63  mines,  3545  tons ;  of  which,  1760  tons  were  pro- 
duced by  six  mines  as  under : 


Ore. 

•  Copper,"  •• 

5798  tons 

5438 

  406 

5298 

  36*1' 

2206 

  223 

1693 

  130  * 

1415 

 •.   126  • 

21818     .  ' 

.        .  .1760 

Produce  of  the  ore  about  8  per  cent. 
Price  of  copper,  1 14/.  per  ton.  •« 
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.In  Six  Months  en£ns  DhcAB^,  . 

.  The  produce  of  72  minea  S962  toa^  oCwhioU,  1891  torn  v/ev^,  9^0^ 
diiaed'bf  «Uiiitii€iasiuider;  ,  .  . 

Upked  Buofs   5594  t0Q»  Ir61  torn, 

Dolcoath   sms  M6 

lIVlifialAltfQhm*  te. 5069<    $68. 

TVeskerb^.../.   2199   213 

Wheal  Drewollw.^^..,^  2014  

Pembroke   2612  7.  mi 


23213  1891 

Ptoodnce  oTtht  ore  about  Si  per  .oeift. 

Price  of  copper,  113/.  iOs,  per  ton.  , 

General  Jielurn  of  Copper  raised  in  Jingland  and  Ireland, 

One  Year  ending  June  IS19» 

Tons.    Cwt.    Qrs.    .  . 

Cornwall  6974?  2  2       .    t  i- 

Anglesea.                          564*  0  <0-         /»  * 

•  Devon                               i33  0  0. 

Ireland,  Ecton,  and  other  '  .        r    i  ■  . 

inlowl  in  Stafordshure   '  •  *  1  1  ^  .  . 

wad  eltewbsre*  • .    596  K)  '6 

B567   IS  .  . 

One  Year  ending  June  1820.  \ 

•  •    •  ■ 

ComwaU                     6915  '1      •  ' 

Angleaea.  :..»    561  -  0^  Q  »  ^» 

Devon                            414  0  0 

Iveiand*  Ecton,  and  fither 

mines  in  StaHxvdshire . 

andebewhere*              813  11  1 


8703   15*  2 


III.  Native  Hydrnle  of  Magnesia. 

The  native  hydrate  of  magnesia  was  first  discovered,  and  ranked  tL9 
a  separate  mineral,  by  the  iate  Dr.  i>i  uce,  of  New  York.  \i  was  found 
only  atHoboken,  in  New  Jersey,  traversing  serpentine  in  all  directions/^ 
in  veins  of  from  a  few  lines  to  two  inches  in  thicKness.     ♦      x      *  ' 

'  Dr.  Hibbert  found  this  substance  in  1 8 1 7  at  Swiaaness,  in  u«9t^  oae 
of  the  Shetland  Isles».  traversing  terpentine  in  all  dicectiofie,  doing  ' 
tabied'wMi  the  ntagneman'caitKmate  of  Kme^  and  forming  veina  iroan 
half  M  iMeh  to  4»x  or  eight  inches  broiNl. 

'  eAmied  O^gracfer.^nydfate  of  magneaia  diMvea  attHrdy 

•  PartofttitqiMMil^lM^ni  CMini^1»dt  WA«m^€f«de,ao.#^ 
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muriatic,  nitric,  and  dilute  sulphuric  acids ;  and  from  its  solution  in 
znuriatic  and  sulphuric  acids»  the  deliquescent  salt  of  muriate  of  xnafi^- 
nesta  aod  regular  crystals  of  sulphate  of  magnesia  were  obtained.  On 
ione  occaBKms,  a  very  slight  etFervescence  takes  place ;  but'tiiia  no 
doubt  arises  from  adhering  particles  of  carbonate  of  ltme»  or  from  a 
small  qoaatHy  of  carbonic-  aoi4  which  .roi^  have  been  absorbed  by 
exposure  to  the  atmonpheve.  •  - 

The  following  analysis  of  this  mineral  has  been  made  by  Dv.  Fyfe  s 

■  •     ■      «  r     ■  - 

Magnesia.  69-75 

.  Water  V  ^^O-'in 

.     .  -  10000 

(Edinburgh  Fhflosophical  Jk»uraaK) 

lY*  EesulU  4if  Experiments,  xitiih  a  Magneiimeter  invented  Mr. 

Scoresbjjf, 

1.  Iron  bars  become  magnetical  by  position,  excepting  when  placed 
in  the  plane  of  the  magnetic  equator;  the  upper  end*  as  regards  the 
position  of  the  magneSc  eqaator,  •  becoming  a  south  pole»  and  the. 
lower  extremity  a  north  pole. 

'  2.  No  attraction  or  repulsion  a})pears  betweexi  a  magnetized  needle 
and  iron  bars ;  the  latter  being  free  from  perbianent  magnetism^ 
whenever  the  iron  is  in  the  plane  of  the  magnetic  equator;  conse* 
quently,  by  measuring  the  angle  of  no-attraction  in  a  bar  placed  north 

and  south,  we  discover  the  magnetic  dip. 

3.  Before  a  magnet  can  attract  iron,  that  is  totally  free  from  both 
permanent  magnetism  and  that  of  position,  it  infuses  into  the  iron  a 
magnetism  of  contrary  polarity  to  that  of  the  attractmg  pole. 

4.  Abar  oi'&ytl  iron  held  in  any  position,  except  in  the  plane  of  the 
magnetic  equator,  may  be  rendered  magnetical  by  a  blow  with  a 
hammer,  or  other  hard  subs.tance;  in  such  ci^ses,  the  magnetism  of 
position  seems  to  be  fixed  in  it  so  as  to  give  it  a  perman^t  polarity, 

5.  An  uron  bar,  with  permanent  polaiity,  when  placed  any  where  in 
the  plane  of  the  magetie  equator^  -ui^  be  depttved  of  its  magtietism 
hy  a  blow. 

6.  Iron  is  rendered  magnetical  if  scowered  or  filed,  bent  or  twisted^ 
when  in  the  position  of  the  magnetic  axis,  or  near  this  position ;  the 
upper  end  becoming  a  south  pole,  and  the  lower  end  a  north  pole; 
but  the  magnetism  is  destroyed  by  the  same  means)  if  the  bar  be  held 

in  the  plane  of  the  magnetic  equator. 

7.  Iron  heated  to  redness,  and  quenched  in  water,  in  a  vertical 
po$;it!on,  becomes. magnetic;  tlie  upper  end  gaining  ^outh  polarity^  and 
the  lower  end  north. 

8.  Hot  iron  receives  more  magnetism  of  position  ^lau  the  same 
when  cold. 

d.  A  bar-mag])et,  if  hammered  when  m  a  vertical  positi<m,  or  in  the 
position  of  the  magnetic  axis,  has  its  power  increase  if  the  south 
pel^  be-  iipwsaid»  ami  lo^  some  of  its  magnetism  if  the  north  end  be 
upward. 

.10.  A  bar  of  soft  steel,  without  mag^etio  yurtiie,.  has  its  magnitude 
of  position  fixed  in  it  by  hanunering  It  when  in  a  vertical  postfeioori  and 
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loses  its  magnetism. by  being  struck,  when  ih  the  plane  of  the  magnetic  ' 
equator. 

11.  An  electrical  discharge,  made  to  pass  through  a  bar  of  iron, 
devoid  of  magnetism,  wIkni  oMrly  iii  tOfS  poiiliM  «Citfae  magnetic 
axis,  renders  ttie  bar  magnetic  $  the  upper  end  becoiiii^  »«oath  pole, 
and  the  lower«nda  nem  paler  bol  the  jdiftcliau^'.dQei  &bt  prodace 
any  polarity,  if  the  iron  be  placed  in  the  plane  of  the  nMgDette  eqia^ 
tor^  The  effisets  appear  to  be  the  same,  whether  the  dbihafge  be  Aiade 
4m  the  lower- or  upper  end  of  the  bar,  ot  wbeftber  it  is.paMLlotigiift- 
dinally  or  transversely  through  the  iron* 

12.  A  bar  of  iron  possessing  some  mi^gnistism'has  its  |xilarity  dimi- 
nished, destroyed,  ormverted,  ifanelt  ctric  discharge  be  passed  through 
it,  when  it  is  nearly  in  the  position  of  the  n)agnetic  axis,  provided  the 
south  pole  of  the  bar  be  downward,  while  its  magnetism  is  weakened, 
or  destroyed,  if  it. receive  the  shock  whm  in  the  plane  of  the. magnetic 
equator.  . 

13.  Iron  is  rendered  magnetical,  if  a  stream  of  the  electric  fluid  be  ' 
passed  through  it,  when  it  is  in  a  position  nearly  corresponding  with 
that  of  the  magnetic  axis ;  but  no  etfect  is  prtKluced,  when  the  iron  is  in 
tiie  plane  of  tlie  magueUc  equator. — (Edinburgh  PhUosQphio&lJourual.) 

M.  Faraday  found,  that  those  specimens  of  snlphurct  of  antimony 
which  are  crystallized  in  large  crystals,  crossing  each  otlier,  admirably 
illustrate  Mr.  DanieM's  mode  of  displaying  crystalline  texture  by  dis- 
section. On  introducing  such  a  piece  of  sulpliLuct  into  a  portion  of 
fused  sulphurct,  and  continuing  the  heaf,  it  begins  to  melt  down  ;  but 
so  far  from  this  taking  place  uniionnly  at  the  surface,  crystals  will 
sometimes  be  left  more  tiian  half  an  inch  ioDg  projecting  from  it;  and 
in  other  places,  the  cavities  left  by  fused  crystals  will  be  so  lar^e,  and 
have  SUCQ  perfect  surfaces,  that  the  angles  they  form  with  eacti  od^er 
may  be  readily  ascertained.  In  order  to  observe  these  etfect^  .it^ia 
onhr  necessary  to  remove  tlletliitif  fiised  |>iece  fit  suIphuret'frooei'itsillQt 
bath|  and  alUwr  it  to  cojoL— ^(Institution  journal.),  ,    f  ' 

■  *  * 

AaTictB  XIV.        .  ;  \  ,. 
NEW  SCIENTIFIC  BOOKS  "  ,      '  * 

mvAanr*  mr  vesucAiitoir,  •  n  *  • 

Mr.  Swainson  is  preparing  for  publication,  Exotic  ConchoI<fgy,  a 
Work  to  consist  of  coloured  Plates  of  rare  and  nondescript  Shells. 

A  General  History  of  Krds,  by  J.  Latham,  MD.  &c.  Author  of  the 
Synopsis  of  Bifds,&C.  '     '  ' 

The  FosRilsofthe  South  Downs ;  or  Outlines  of  the  Geology  of  Ae 
South  Eastern  Division  of  Sussex,  by  Gideon  Mantell,  FLS;^ 

J05T  FUBLl»aeD.  ^ 

A  Manual  of  the  Diseases  of  the  Human  Eye,  from  the  best  National 
and  Foreign  Works;  translated  from  the  German  of  Dr.  Weiier,^and 
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'  illustrated  with  Cases.    By  O.  C.  Monteath,  MD.    lilu&trated  by  four 
highly  coloured  Plates^  aati  oae  Jt^Iate  ol*  iDstrumenU.   2  voW.  Bvo. 
.Ji.  IOj. 

Practical  Observations  cm  MiUwitery,  hy  John  Kamsbottom,  MD* 
.i«o.    Parti.    10^,  6d. 

The  Hiatoiy  of  the  Plague,  an  it  luU}ly  appeared  at  Malta,  Gozo,  &c. 

J.  D.Tullv,  Esq.  8vo.       •  • 
'  A  Emtical  VrmHim  on  die  JmiBiimatory,  Organic,  «nd  SympfltiK^ 
-lie  DitOMW  of     Hetrt-;  aho^o^  BfalfomiMlioli,  Aafiwii,  -By 
Heniy  Reeder»  MD.  RMS.  Edm.  and  MCS,  Loud. 

The  nmlh  N««ber  of  Perussac's  NaMnd  H]m»i7  of  Land  and 
Stfefihiv  ater  Shells  is  ftlit  publ ished. 

'  .Useful  Knowledge,  or  a  Familiar  Account  of  the  various  Produe- 
.  tions  of  Nature,  Mineral,  Vegetable,  and  Animal.  By  the  Aer.  W. 
•jfiii^,  AMw   Third  Edit.    »voIs.  JSmo.    \l.  U. 

Transactions  of  the  Cambridge  Philosophical  Society.    V«i«  1. 

•  'JPart  I.  4 to.  ]/. 

lUustrations  of  the  Linnaean  Genera  of  Insects.  By  W.  Wood, 
FRS.  FLS.  Part  I.  with  14  coloured  Plates^  5«.  to  be  completed  in 
six  monthly  Parts. 

The  Natural  History  System  of  Miiit  ralo^y.  By  Frederick  MoliSy 
Professor  oi  iMineralogy,  Freiberg.    8vu.    b^.  6d. 


Article  XV. 

NEW  PATENTS. 

^omas  Mttsterman,  of  Broad-street,  Katcliffe,  common  brewac^  dot 
cert^im  machinery  for  the  purpose  of  iinpartin<T  motion  to  be  worked 
by  steam  and  water,  without  either  cylinder  or  piston,  and  m  ith  less 
loss  of  power  than  occurs  in  workiag  any  of  the  steam«eiiginea  now  ia 
use.— Feb.  10,  1821. 

Robert  Stein,  of  Walcol-place,  Lambeth,  for  certain  improvements 
in  steam-engines. — Feb.  20. 

James  Foster,  of  Stourbridge,  iron- master,  for  certain  improveiuuiits 
in  the  manufacture  of  wrought  malleable  iron. — Feb.  20. 

Henry  Penneck,  of  Peasaace,  MD*.i)r  an  improTement,  or  im- 
pro?eBienU,  of  machinery  to  lessen  the  consumption  of  fuel  in  working 
•tean^enginesi^Fob,  27*  • 

Robert  Burton'  Cooper,  of  the  'Scrand,  London,  for  .improvements 
on,  or  a  substitute  f«g%  .ttapptmt  coversj  ^  lids,  such  as  are  used  for 
bot^,  tobaopQ,  and  snnff4>oK0S,  ink^hoUlers,  and'varioassriier  arti- 
'cfieasequirjDg  stoppers,  covers,  ortlds — March  3. 

Jonathan  Dickson,  Holland-street,  Blackfriars,  for  valuable  improve- 
ments in  the  means  of  transmitting  heat,  and  also  in  the  means  of 
tr^smittiiig.cold  from  one  body  to  Aoolher,  whether  solids  «r  iioids. — 
March  3. 

William  Frederick  CoIIard,  of  Tot teuham-court- road,  for  certain 
improvements  ou  musical  instruments  called  piano  fortes. — March  8» 
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M£T£OROLOGICAL  TABLE. 
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TAird  Month. — I.  Cloudy.  2.  fchowery  afternoon.  3,  A.  Rainy.  5.  Cloudy. 
6.  Rainy.  7.  Fine  day :  rainy  evening.  8.  Fine.  9.  Showery.  10.  Showexy. 
11,  19.  Fine.  13,  Fine  morning  :  a  slight  shower  of  hail  about  noon  :  lunar  halo  in 
the  evening.  14.  Fine:  |unar  coronu.  15.  White  frost:  fine:  a  very  diiitinct 
lunju  baio,  slightly  coloured*  16,  17.  Fine:  white  frosts  in  the  morning.  18.  Boi»> 
terous :  frequent  showers  of  mingled  hail,  snow,  and  rain.  19.  Windy:  hail. 
Sa  Windy:  add.  21.  Cloudy.  22.HaiL  23.  Fine.  84,  25.  Showery.  S6.  Fine 
ffaqr:   iNismoiu  night.     S7.  BoiiteRnM.    28.  Rainj:  windy.    S9.  fliMMNefs; 


30.  Fine:  ninatiught.  ' SK  K«i^.   ^  . 

r      -  -  » 
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Articlb  I. 

JL  MathcmaUcal  Inquiri/  into  the  Causes,  Laws,  and  principal 
PAanomena  of  Heat,  Gases,  Gravitation,  S^c,  By  John  He- 
rapath,  Esq.  (In  a  Letter  to  D.  Gilbert,  Esq.  MP.  VPRS.  &cO 

{ConehiiedJ^wm^  SSI.) 

General  Scholiunu 

Sudden  oondensatioii  in  atl  gaseous  or  aerifbrm  bodies  pro- 
duces heat»  and  siidd^  rarefectfoii  cold ;  but  if  the  condeiisatioii 
or  raiefactioii  be  made  slowly,  no  perceptible  change  in  the 
temperature  takes  place.  These  are  natural  consequences  of 
our  theory  of  the  uoostitution  of  ^ases.  For  if  it  be  a  condensa- 
tion, by  the  motion  inward,  for  instance,  of  one  of  the  sides  of 
the  containing  body,  it  is  evident  that  the  particles  which  strike 
against  this  side  and  are  reflected  back  among  the  rest,  will  no 
longer  be  reflected  by  the  same  force  only,  with  which  they 
were  previous  to  the  commencement  of  the  condensation,  but  by 
a  force,  which  will  augment  their  velocity  individually  by  a 
quantity  equal  to  the  velocity  of  the  moving  side.  And  this 
excess  of  velocity  being  distributed  to  tlie  rest  of  the  particles, 
or  communicated  to  them  bv  the  continuance  of  the  stroke,  will 
generate  au  excess  of  temperature  throughout  the  luedium  pro- 
portional chiefly  to  the  velucity  of  condensation.  On  the  con- 
trary, in  the  case  of  rarefaction,  those  |).irticles,  instead  of 
returning  among  the  rest  with  the  celeiil y  witli  which  they  did 
before  the  side  began  to  move,  will  now  return  with  a  diminu- 
tion of  their  velocity,  equal  to  the  velocity  of  the  moving  side. 
This  diminution  must,  therefore,  cause  a  decrease  of  tempera- 
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tore  in  tke  mftdiiimi  in  the  same  maiiDer  as  the  excass  of  velocity 
would  cause  an  increase.  In  both  these  cases,  Ihe  excess  or 
defeci  of  temperature  will  be  proportional  to  the  celerity  of  coa* 
densation  pr  rare&ction^  ^uDDosing  th^  time  occupied  by  the 
change  of  Tolume  to  be  or«inicient  length  for  the  stroke  to  be 
propagated  to  all  parts  of  the  medium.  Therefore,  if  the  celerity 
of  the  stroke  be  great,  a  great  change  in  the  temperatmre  will 
ensue  ;  and  if  it  be  small,  there  will  be  little  or  none. 

Our  theory  of  gases  likewise  explains  auothtr  phiunomenon, 
wLicli  has  iisuuhy  been  attiibutcd  to  a  different  cause.  It  is 
well  kiiu\Mi  thai  if  two  gases  be  placed  in  any  position  with 
re>pect  to  each  other,  and  have  ever  so  small  a  communication, 
they  will  intermix,  and  become  equally  diftused  the  one  through- 
out the  utlier.  This  has  been  accounted  for  on  the  principle  that 
all  gases  have  a  slight  affinity  for  one  another,  or  in  other  words, 
that  though  the  pails  of  all  gaseous  bodies  individually  consi- 
dered mutually  repel  each  other,  yet  the  parts  of  different  gases, 
however  g^eat  or  however  small  that  ditierence  may  be,  mutually 
attract  each  other.  It  is  repugnant  to  my  intention  to  attempt 
any  refutation  of  this  idea,  or  to  make  any  observations  on  the 
confusion  that  would  result  from  thus  bnrthening  nature  with 
hypotheses  :  T  shall,  therefore,  n^erelv  show  that  tne  plvrenome- 
iion  ni  question  is  an  easy  consequence  of  our  theory.  Suppose 
that  portions  of  the  surfaces  of  two  media  are  exposed  to  each 
other,  and  that  parallel  to  these  portions  the  media  are  divided 
into  strata.  Then  because  a  dinerence  in  the  numeratoms,  a 
difference  in  the  motions  of  the  particles  of  the  two  strata,  or  a 
cornered  irregular  figure  in  the  particles,  would  render  it  impos- 
sible for  the  ])articles  of  one  stratum  to  be  JO  reflected  by 
the  particles  of  the  other^  that  each  sUiatum  would  retain  iti 
particles  entire  and  immixed  with  thc^e  of  the  o^ther^  the  two 
strata  would  intermix ;  and  would  not  anire  to  a  state  of  equih- 
briqus  aotioni  until  the  particles  weie  unifomiy  and  equally 
disposed  in  each  stratum*  For  the  same  reason^*  these  newl^ 
impounded  strata  would  mix  with  their  neaEt;  and  Ihus  il 
would  go  on  stratum  intermixing  with  8trat\wi^< until  an  eouili- 
bi»ous  action  throughout  was  restocedi  by  the  equal  and  uniraan 
intermiftuie  of  the  two  m  ea« 

By  the  same  principm  it  is  easily  pevceivied»  why  gaaei  Be 
veadily  acquire  the  teiaperatuiB  of  the  BurrouDding  bodies;  wlqf 
'  they  tnnsnit  temperature  so  lapidly  and ao^fteUy  m  ri^ht  Um i 
fOMl  why,  aoo(«di^  to  the  rnamier  in  Mr*  Ltatef  Sir  Bt 
Aavy,  and  MM^  Bolong  and  Petiti;  hecra  made  their  «qpa»> 
mantS)  it  isowiug  to  the  gravitatioii  Of  thagaaeaakmey  iJmit  the 
Kghter  gases  cool  bodies  immeiaed  in  them  ^nioker  ihan  the 
heavier.  When  I  first  turned  my  attention  to  the  cooUng  poW 
of  gases,  I  was  surprised  to  find  from  my  theory,  that  aU  gase^ 
under  the  same  circumstances,  ought  to  cool  equally  fast.  This 
inference  for  some  lime  perplexed  me  very  much.   As  sooOy 
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however,  as  T  had  read  the  ingenious  trea^se  of  Prof.  Leslie  on 
Heat  and  Moisture,  and  had  considered  anew  the  manner  in 
which  Sir  H.  Davy  had  conducted  his  experiments,  which  were 
about  that  time  pubhshed,  I  saw  that  the  theorv  and  phaenomena 
still  agreed  ;  and  that  the  circumstances  of  mv  nivestio:;atiou  pre- 
cisely coincided  with  Mr.  Leslie's  coohng  by  gaseous  pulsatioii; 
while  the  error  that  i  had  committed,  with  respect  to  Sur  H. 
Davy's  experiments,  rested  whoUy  onuiy  not  havings  tad^en  inl# 
account  the  earth's  attraction.  •    .  ^  , 

Their  temperaAores  and  elasticaiies  beiiigtha  same,  the  rati# 
of  the  numeratoms  of  two  homogeneous  gases  a|)p6aTS  by  tnir 
tiieory  to  be  ei^uai  to  the  snbduplicate  raiio  of  the  freights  or  • 
specific  gravities  of  equal  voimnes.*  Supposrag,  therefpre,  that 
oxygen  and  hydrogen  are  homogeneous  (the  truth  of  which  in 
oxygen  Tmach  doubt),  the  numeratom  of  the  former  wili  be 
qnadraple  thai  of  the  tatter.  So  that  if  two  in  volume  of  %dii^ 
geix  imite  with  one  in  volume  of  oxygen  to  fbraa*  i^ter,.tbe 
•tcmis  of  oxygen,  will  be  double  in  nmnber  those  of  hydrogen; 
and  the  numeratom  of  the  compoond  gas  beforebeing  cond^aed  . 
will  be  die  geometnoal  mctan  oetween  the  munemtoms  q£  the 
two  simpleB.  It  has  commonly  been  conoeiTed  that  two  atons 
of  hydrogen  and  one  of  oxygen  Ibrm  a  particle  of  water;  bitt 
whether  this,  or  whether  me  residt  of  our  tfaecvyi  or  whedier 
lieither  of  ibem  be  tme,  it  is  out  of  our  power  detemioe* 
Sodi  kind  of  specolations  tsanscends  the  <5otEobotatian  of  atw^ 
eiperiment  yet  devised.  I  simply  mention  diia.d&eertm,  whiw 
is  one  among^  several  that  I  have  investigated,  relative  to  the 
ttixture  of  gases,  to  give  some  small  idea  of  the  powers  of  our 
theory  of  tn^  universe  for  unravelling  the  secret  operations  of 
nature. 

By  the  same  theory  I  have  fonnd  that  if  equal  portions  of  the 
same  gas  be  mixed  together  at  diiferent  temperatures  F,  F,^ 
accounting  in  degrees  of  Fahrenheit,  accordins;  to  the  indica- 
tions of  the  air  thermometer,  the  mean  resulting  temperature 
F,,  of  the  mixture,  measured  on  the  same  scale,  and  no 
extraneous  force  interfering,  will  be  equal  to  (448  4-  F)  x 

y     y      448,t  supposing  F  to  represent  the 

degrees  at  the  lower,  and  Ft  those  at  the  hi^beir  teni^rature* 
And  a  the  vdmnes,  instead  of  being  equal,  be  in  the  ratio  of  11 
to  1  when  the  temperatures  and  elasticities  are  equal,  then 
by  a  mixture  at  different  temperatures,  F^  =5  (448  +  F)  x 

♦  This  theorem  wm  publiabed  in  a  owre  geoevAl  i^na  in  Ute  Anmk  0/ FhUfnogit^x 
Hur  July,  ISIQ. 

t  448  H^nMiU  thefl^pee  of  mbMlnte  cold  bdowthe  zero  of  Pahitobeily  WBi^yBifia^ 
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/  V  44fi      '  "^   )  -  448.   Hence  if  equal  portions.  <rf  tite 

•Hme  gas  be  brought  to  the  temperatures  of  water  freezing  and 
boihng,  and  mixed  together,  F  =  32,  F,  =  212,  and  F,i  will  be 
found  =  118a°.  Between  these  tempei-atures,  the  variations  in 
volume  of  raercurv  and  gas  have  been  found  to  be  perfectly 
equal ;  therefore,  if,  instead  of  gas,  equal  portions  of  mercury, 
water,  or  any  other  fluid  be  mixed  together,  the  temperature  of 
the  mixture  by  Fahrenheit's  mercurial  thermometer  should  be 
118|.^.  De  Luc,  as  I  have  read  in  Dr.  Ure's  paper  published  in 
the  Transactions  of  the  Royal  ^Society  for  1818,  by  mixing  equal 
portions  of  water  at  those  temperatures,  obtained  a  mean  of  1 19^, 
"which  so  nearly  agrees  with  what  has  been  computed  from 
theory,  that  the  ditierence  may  reasonably  be  ascribed  to  the 
-obseTvation.  It  must,  however,  be  conlessed,  that  the  experi- 
ments  of  Dr.  Crawford  do  not  confirm  those  of  M.  De  Luc. 
According  to  that  philosopher,  the  resulting  temperature  is 
:122°;  that  is,  the  arithmetical  mean  of  212^  32*^.  U  is^ 
Jiowever,  aquestion,  whether  the  experiments  of  De  Luc  are  not 
-entJtled  to  considerably  more  confidence  than  those  of  Craw- 
lord.  The  object  of  the  two  phdoeophen  was  the  same ; 
Mmely,  to  deternitniey  whethefr'«qitill  incrtoieniB  of  temperatiittt 
are  ticcompanied  with  equal  eipunsions  of  volton^ ;  and  hence  I 
should  think  Ckat  De  Luc,  as  soon  as  he  percdvedthe  anotni^^, 
•le£k  no  means  unessayed,  which  repeated  and  careful  ^peri^ 
'xnentB  could  afford  hioiy  to  satifliy  himself  of  tta  Existence,  before 
lie  ventured  to  publish  a  circmnatance  so  contrary  to  the  general 
opinion  of  philosophers.  Bbt  wkh  respect  to  Dr.  Crawford  (Itfi 
aecount  of  whose  experiments  also  on  this  subject  I  have^fe!^ 
tdnately  not  seen),  he  appears,  from  M.  Biot's  Trait^de'Phyaiqtie; 
40m.  iv.  p*  ^OOy  Mt  to  have  followed  one  of  the  tnost  likely 
•methods  to  ensure  accuracy  U  btaherch^  ^ le lam  (that  is,  n 
'4)orrcction  for  the  loss' of  temperature)  M  obsenrtt&t  la  ilidli 
ivfroidissement  progressive  du  milansey  et  s*eh  servant  pof^ 
reetituery  pair  le  calcul,  le  chideure  qu'il  avait  d&  pi^drt  da»B  IH 
premiers  mom^ns.''  It  would,  in  niv  opinion^  ha^^'been  mudi 
better  to  prevent,  than  to  hare  had  to  account  fiMr;'*this'^ldsg 
But  without  discussing  tiro  merits  of  the  metlicidtl  lyf  ettfa«r  '|>I)'F- 
loisophcr,  the  sabjeet  of  determining  whether  the^Mreofei^^ 
tiemperatare  «ind'v6lunie  Are  propoHiohal/  as  It  ir^pMtilr  f^Ri 
discoveries,  is  of  the  first 'consequence;  and  f /<lieriift4fell)«gf^ 
submit  the'setding  of  so'ittipdrtaift  ti  pdint  t6  ttfe  feimefimnum 
of  the  Royal  Sotitetyr  tod  shall  feel  myself  hdnddrcidifl^^J^ 
worthy  of  their  attention.  I  shoMlcf  not  ttdf^k  tlW  '  faytf 
Bbciety  if  I  ted  apparMas  trpdn  whmh  1  MM  ^te^tH^M^  ^tfl^ 
an  experiment  of  such  delicacy.  Unhappily  J  have  not  omj^ 
thermometers  myself  suJBffiently  goo<^,  outT  Itoow^T^i?  "Pp^^^ 
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this  neifi^hbourhood  who  has;  nor  is  there  at  present  any 
Society  in  Bristol  to  which  1  could  apply  for  assistance,  though 
from  the  spirited  exertions  now  TYi'riKini^^,  tht  re  is  reason  to 
t>6lieve,  we  shc^  soon  p06<»es$  one  t^at  wiii  be  every  thing  we 
QOUld  wish.  ; 

,  For  making  an  experiment*  of  this  kind,  I  know  of  no  body 
better  than  mercury,  which  is  fluid  at  u  very  \v>\\,  and  boils  at  a 
"Very  high,  temperature.  If  two  lar^e  and  equrd  })(>rtions  of  this 
fluid,  at  the  temperatures  iiitenchui,  were  rapuiiy  poured  into  a 
thin  smooth  vessel,  previously  brought  to  the  expected  mean 
temperature  of  the  mixture,  or  a  degree  or  two  higher;  and  if 
the  temperature  of  the  mixture  was  taken  by  two  thermometerB, 
the  one  two  or  three  degrees  lower,  and  the  other  about  as  many 
ilegrees  higher  than  the  computed  iMaa,  I  think  the  obstacles 
'lo!  siMcess,  pointeti  out  by  M.  Biot^  mi^ht  be  avoided;  and  this 
Ipeat  problei%  with  one  or  two  repetitioBft  of  the  experiment, 
Se  nemi^ed/to  a  considsisble  degree  of  accuracy.  Could  the 
i^pfifiment  be*  made  in  an  atmos^ere  jaet  above  the  temperi- 
ture  of  the  mxture,  it  would  prevent  any  error  diisin^  Irea 
inuUaliOQ^  and  if  the  vessel  into  which  the  poitUMis  of 
mdmSMTJ  am  poured  be  but  httle  larger  than  eafficieat  to  hold 
them,  and  spherical^  it  would  snb^eot  the  experimeat  to  the  leaat 
ialipHltwH  of  the  matter  of  the  vesaeL  Bat  if  the  experiment  can>-^ 
iM^beoiftde  in  each  an  atmosphere,  it  would  be  advisable  to 
Mver  the  whole  i^aratus  for  a  few  minotes,  aniil  the  tempem- 
tiire  >ooidd  be  enually  diffused^  with  a  polished  metal  oof^r, 
whieb  would  lend  to  prevent  any  loss  of  tempfrature  by  theoon* 
faeetof  aur,  or  by  radiation*  These  and  some  other  proeautioBs> 
pduob  eticntnsfaiioeS' would  easily  suggest,  would,  it  appears  to 
too,  ewvr^  lo4|ie  experiment^  all  the  sncceas  of  whiob^  perhaps, 
H  is  capable.       '  . 

y .  Whoa  the  difference  between  the  tempetatures  ^  the  |»ortions 
pf  fluid  mfanad  oxceeds  180^  of  Fahrenheit,  the  arithmetical  and 
ododfinled  means  differ  from  each  other  by  a'  quantity  which 
increases  mnch  fiieter  than  the  difference  of  the  temperatures* 

if  equal  porticMis  be  mixed  at  the  temperatures  of  33*^  and 
+  300^  the  value  of  F„  will  come  out  121-32^,  while  the  arith- 
metical  mean  is  133*5®;  that  is,  upwards  of  12°  in  excess. 
Within  these  limits,  mercury  and  air  go  on  ne^rXy  pari paasu^  the 
volume  of  mercury  itt  the  higher  temperature  being  onlv  about 
2  34'^  greater  than  that  of  air.  But  our  theoiy  seems  to  be  inde- 
pendent of  all  considerations  of  proportional  variations  of  volume; 
the  only  precaution  necessary  appears  to  be  to  measure  the 
temperatures  by  the  air  thermometer  instead  of  the  common 
mercurial.  If  aiercuiy  at  —  7°  and  -f  641°  be  mixed,  the  com- 
puted mean  temperature  wiU  be  no  less  than  36°  below  the 

*  I  have  lunce  succeeded  in  aome  experiments  of  this  kind  in  liigh  temperatures  with 
iBOTeury,  aiid  kntfiMUid  tlie  nieaa  trror  ofmj  Atocy  by  mmo  apttinitiilft  of nj 
aodtwoofBelAic*t,notmanUumiilioiittiieciiie4aii^  tiit  mam  ennr  cC 

tiMflId  thtiiy  Msg  ei^  S^gfNS. 
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striking  and  decisive  \  but  wh^tlief  iho0e-a»taMi#  leiap^ratwi 
Wi     opcffirted  Oft,  I  lem  oil^  Other  circum- 

Mawom-bwag  alikt^  lbs  qioit  adv»site|;eow.]i|«UwKi  of  iwnMny 
Iba  eacperimentis  wbea  tbe  Tolumea  mixed  togetbeF  nm  mmL. 

In  ivf  bomogeneoiw  fltitdi  tbe  aaine  priocipleft  wiU  ewbk  us 
to  dieeom  the  niCio6  of  the  traoienioiiiB  and  th^  owtfiutiifka  «f 
tte  pectielM.  On  the  Mifipoflitk»i  that  inemny  aad  watev  aae 
lioMOgweoiMi  MdiBi  I  have  fotrnd,  from  the  beatrexpedqieata  I 
can  piOGUce,  that  the  ratio  of  the  naflaecatams  of  mercaiy  and 
irafer  18  abcMit  eqoal  to  that  of  1  to  2»  and  Ihe  lajjo  of  the  mag- 
mtodea  of  tbe  partielea  o(|ual  to  about  that  of -27  1^ 
ilMHwforei  the  nAio  of  tbajr  diaineiera»  supposiag  them  aiaBiiar» 
«bottt  that  of  3  to  1.  This  greater  namefatom.  of  the  water  ia 
indieated  hf  tbe  mean  tenapeiature  of  tbe  mixtiiie  of  equal  paita 
of  mercury  aod  water  always  beiag  in  favour  of  the  tempeoatuie 
of  the  water  ;  and  the  excess  of  magaitude  in  tbe  jMlticleB  of 
mercury,  by  its  less  disposition  to  be  affected  im  vokuno  \g 
changes  of  temperature.  •  i 

•  Takina:  these  numbers  for  correct,  I  find  that  if  a  given 
volume  of  uieicurv  at  the  temperature  of  lUO"  Fahrenheit  be 
mixed  with  an  equal  volume  of  water  at  the  temperature  of  40*^, 
the  temperature  of  the  mixture  should  be  594-° ;  i^^* '^ly,  it 

is  60^.  And  if  the  same  temperatures  l)e  taken,  but  tiie  water 
be  put  at  the  hio:her,  and  the  mercui  y  at  the  low  er  t  emperature^ 
the  mixture  should  be  at  79i^°  :  Dr.  heniy  says  it  is  nearly  80°. 
If  two  volumes  of  mercury  atid  one  of  water  be  mixed  at  the 
temperatures  of  100^  and  40'^,  it  matters  not  whichever  of  them 
has  the  higher  temperature,  the  temperature  of  the  mixture 
ought  to  be  about  69-^°:  by  the  above  author,  it  is  70*^.  An 
equal  coincidence  holds  jrood  in  the  other  cases  mentioned  by 
Dr.  Henry.  Therefore,  wluit  has  been  usually  attriibuted  to  *Hhe 
capacity  of  bodies  lor  caluric/'  appears  to  be  explicable  on  the 
theory  of  their  numeratouis,  that  body  whose  particles  are  the 
smaller  and  more  numerous,  being  that  which  has  been  supposed 
to  have  the  tjreafer  capacity  for  caloric  ;  "  and  vice  verm.  But 
to  be  more  ceitam  of  this,  it  would  be  necessary  to  make  fresh 
experiments  with  a  greater  diflereuce  of  temperature.  -  SuppOS* 
ing  the  aforesaid  ratio  of  the  lumieratoms  to  be  right ^  and  that 
water  and  mercury  are  homo^^^eiieous  iiuids,  I  find,  if  equal  parts 
of  mercury  and  water  are  brouLrht  to  the  temperatures  of  40** 
and  212^*,  and  then  mixed  together,  the  resulting  temperature 
should  be  151^°,  when  the  water  has  the  liigher  temperature, 
and  94^°  when  it  has  the  lower.  The  aritiimetical  mean  of  212° 
and  A(f  is  126^,  which  is  3]a^  above  94|",  and  only  255.° 
below  1 5L^°.  If  the  temperatures  be  40°  and  200'^,  the  mixtures 
will  be  yi'^  and  144°,  in  which  the  distances  from  tlic  mean  are 
—  29  and  4-  24.  I  have  not  tried  these  experiments  for  the 
reasons  I  have  ^iven  before,  but  I  would  thank  any  one  who 

woold ;  and  should  be  stiii  moi e  oblige4  to  hkmM  ike  weidd-  Vift 
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««fficient  liM-iMra«tidwtheiinateof  antre  m^^ 
pait  of  the  subject.  '  I  shalii  Amfore,  now  bneBy,  offer  one  or 
two  obsemltions  for  wiMfe  a  diBtiDet  hypotheeis  has  been  con- 
trived ;  namely,  the  hypothesis  of  Ittteiitheat."  It  is  generally 
afdaittled^  I  belieTc^  that  when  gases  or  vapours  become  fluids, 
two  or  more  of  their  atoms  or  particles  unite  together  to  form  a 
particle  of  the  fluid  ;  and  that  when  fluids  become  solids,  a  stUi 
further  a^^L^re^atioh-of  tfic  |)articles  takes  place,  :  so  that  Ihnds 
are  solids  resolved  iiiLo  simpler  elements,  and  gases  solids 
resolved  iiilo  still  simpler,  or,  pijiiiaps,  their  simplest  elenieiits. 
This  being  granted,  it  follows,  that  if  two  or  luore  atoms  or 
parts  of  the  gas  unite  together  into  one,  the  motion  of  this  one, 
beins:  compounded  of  the  motions  of  the  others  w  luch  compose 
it,  %viii  be  greater  than  the  motions  of  either  of  tiie  constituent 
parts  before  the  aggregation.  Therefore,  if  the  temperature  of 
the  bodies  iu  eacli  of  the  three  states  be  measured  by  the  motions 
of  their  constituent  parts,  then  when  a  gas  by  any  means 
becomes  a  tiuid,  the  aggregated  parts  of  the  fluid  will  have  a 
greater  motion  than  the  parts  of  the  gas ;  and  consequently  its 
temperature  for  a  little  while  will  be  higher.  For  the  same 
reason  the  temperature  will  he  raised  in  passing  from  a  fluid  to 
a  solid  state ;  and  in  all  cases  the  increase  of  temperature  in 
passing  from  a  gaseous  to  a  rtuirl,  or  from  a  fluid  to  a  solid  state, 
will  be  pitmortional  to  the  aggiegation  of  the  particles  ;  so  that 
in  either  change  of  state,  the  greater  the  nuinher  cf  particles 
that  unite,  the  greater  the  rise  of  temperature.  And  conversely, 
an  augmentation  of  temperature  being  produced  by  a  union  of 
particles,  a  diminution  must  be  produced  by  a  separation  of  them; 
and  this  diminution  will  be  the  greater,  the  greater  the  number 
of  parts  into  which  a  particle  is  divided.  Therefore  the  consti- 
tution of  things  beino  such  a*?  I  have  supposed,  a  diminution  of 
temperature  will  accompany  a  change  of  state  from  a  solid  to  a 
fluid,  or  from  a  fluid  to  a  gas  or  vapour.  But  though  with  these 
views  an  increase  of  temperature  generally  accompanies  a 
change  of  state,  when  by  that  change  the  soliidity  is  increased, 
or  vice  versa,  yet  this  is  not  of  necessity  a  law  of  nature.  Cir- 
ctamstances  might  be  easily  varied,  so  that  an  augmentation  of 
^  »61i(iity  by  a  change  of  state  may  be  attended  with  a  diminution 
1^  teinperature,  or  )iie  contrary  ;  and  thus  the  phainomena  of  the 
mct^e  of  temperature  at  the 'explosion  of  gun  and  all  fulminat* 
ing  powders,  as  well  as  other  anomaliesy  might  be  accounted  for. 
These,  JioweTer»  ate  things  which  the  import^nca  of  others  ynSi 
ttot  alloir  me  iiow«<lo  atop  toefipkvuk  .  The  »ajnei*eason  pr^imts 
me  ftom  eilt«ring  into  an-e^cpkmation  'of  the  ciose  of  that  apjio^ 
fent  loss  of  temperature  in  the  experiment  respectinglhe  admtx- 
tture  of  e^palfim  in  w^ht  of  wmler  »9t  172''^  Md  snow  or-MHi 
at  the  tiBWfmllmm^  otti'fctasiigj  maA ^iiit&tmmikut^^mm 
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mem,  A  full  devetopiiiwirf  of  UkImi thingii,  ted  fthfrwfcili|>ii^ 
wliich  misht  be  drawn  from  them,  woBMnwettflhn  mmmifi/M 
tidopMffpeytmii  the  Hmita  cifan  ordMilMcy»iiiiiMMiiiliiit  i  M\t 
I  come  now  tatbalaw  of  gm?itilMmiQr  aUvaottoii.*  If  ^  pit* 
tioki  of  jnittet.iv!eie  fMft  «r  m>€Mte  of-«ich  a  fluid  mv^mmim 
we  haffe  eiypoetjl  m  the  fifth  po8tttUitoM»tiidilf :bjr  iti  agiffcilirMw 
propagated  eveiy  way  about,  ^^^..^ul^y  coiiiiterba)ai»cea  ^  the 
umtte  of  space,  it  kept  the  minute  parts  ofthk  fiiud  mediimi  ui 
eooiunial  metioa,  thentfodd  m  rngkmnuii  9tam  WiurgeAilMSMlB 

the  central  particle  by  a  force  which  is, as  -^^,.iff  whip)^  ^if^Pf^ 

aento  the  inteiuuty  of  the  central  agkaAion,  m  tfae  magnitude  of 

the  impelled  atom,  and  x  the  distance  of  the  centres  of  the  two 

J*  » 
oocues*  * 

When  the  attracted  atom  is  ttot  tt  sphere^f  its  law  of  gravita- 
tilpi  becpmes  more  complex  ;  and  in  a  general  way  is  not  to  be 
obtained  in  algebraic  terms  ^  for  it  is  dependant  not  only  on  the 
intensity  of  the  central  agitation,  the  magnitude  of  the  attracted 
atom,  and  its  distance  from  the  central  one,  but  likewise  on  its 
figure  and  position.  In  all  cases,  however,  when  the  attracted 
atom  is  exceedingly  small  and  at  any  sensible  distance,  or  when 
it  is  at  a  distance  sufficiently  ^reat  to  render  the  influence  of  its 
magnitude  insensible,  its  gravitating  force  will  be  as  its  magni- 
tude and  the  intensity  of  the  central  agitation  directly,  and  the 
sqware  of  its  distance  inversely.  Consequently,  if  instead  of 
a  single  central  particle,  there  were  a  great  number  distributed 
so  as  to  form  a  uniform  sphere,  and  in  such  a  manner  that  the 
agitations  of  each  may  take  effect,  the  force  ol  the  impulsion  on 
the  solitary  atom,  Principia,  prop.  74,  lib.  ],  would  be  as 

^ ;  ia  wUch  la  ia  the  mass  of  the  ^Ittraptfdgli^iilt  A  itbfiii^^t- 

t  •  .  ■  ..       •..•;.!  Ill «v«f 

•  That  no  one  may  liave  to  char^  me  with  a  desire  of  malcing  innovations,  I  Kirtre 
retained  tlie  tcnns  attractkm,  centnpetal  force,  &c.  though  fVom  the  cause  of  ph9* 
Bomctia,  m  laid  4mm  ia  MtjMamtt  pMmblj  inqmlaion,  adpiMc  fim,  Slc  or  aone 
«Uut  vords  having  » nctRr  afiinity  to  the  primitive  cause,  would  he  preferable.  , 

The  simplest  case  after  a  sphere  is,  perhaps,  that  of  a  cylinder^  lumiig  die  COibv 
«of  agitation  in  its  axis  produced.    Let  B  C  be  a  cylinder,  *  a-''* 

£  F  its  axis,  and  A  the  centre  of  «t;ttati<in.    Draw  A  (J,  A 
and  in  A  F  take  A  O,  A  II,  resi>cctitdy  equal  to  A  C,  A  D ; 
join  C  G,  and  complete  the  parallelr^ram  I  C.    Then  will  the 
pp:Tivitatin|r  force  of  the  whole  cylinder  towards  A  be  as  the  rcc- 
tan^e  of  the  agitation  at  A,  and  the  distance  li  I.    But  if  the 
MDudiaiiMter  £  ]>  bevaady  amaU,  compared  to  A  £f  the  gra-  . 
vitation  is  as  the  agitation  at  A,  and  the  magnitude  of  the  cylin* 
der directly,  and  the  rectangle  A  E,  A  F,  inversely.  Therefore, 
X   if  Ji  y  be  likewise  veiysnaaU  in  cflpijparison.ot'  A  E,  the  g»vi- 
b diitetlf  aa  ditag^lBiaon  el  A,.aiid  the  magnitude  of tly^. 
cylinder,  and  inversely  as  the  sqnare  of  its  distance  from  A. 

When  the  impelled  body  is  aparallelopipcdon,  its  gravitation 
ia  aatbe  logarithm  of  a  function  of  its  dimuniiian^  and  distance  -  w  > 

£rom  the  central  particle,  raised  to  a  power  equal  to  the  intensity  aC  i^itatpcia.  ;  ^.od 
when  it  ia  10  small,  or  at  such  a  dhrtance  from  the  centre,  that  its  dfaneorionsare  insen. 
sible  in  rcftpect  of  that  distance,  its  gravitation  ia  pivportional  to  its  mwf^tilituilifSitmt 
istciwiiy  oi  Che  i|g^taiioii4inctl|y»aDdihe  laveiaoltfaf  diMce  mum^ 
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Hmmo^M^m^'thia  mwm  wnA  cMifi^iiiid'bo*^.:  And^uwie  tMi  w 
Oe  Iw^of  gni««Mtoii^»im«higle  KtOdii^it  Mms,  by  prop.  7^. 
Ubi  1/  Prindpia,  if 'a  madier  <if  th^ni  w^re  - cautdly  dtstmated 
<  IteugbotttHny  sphatieil'sjpAcwy  bo  ilitfit  tf^y  could    indi  vidiM% 
m^M'tm     memM  mediatn^  the  impdlitig  force  on  the  if hd& 

body  woidd  ba  as*^?- ;  in  which  x  in  the  ceatral  distance  of  the 

'Ttai^bcKfies^  and  &.the  quantity  of  matter  in  the  attracted  body. 
For  the  same  reason  if  B  be  the  mass  of  the  central  body,  and 
A*  the  whole  agitating  force  of  the  other,  its  attiactioa  on  the 

'Central  body  ^ill  %e  a^         But  the  whole  agitating  force  of  a 

homogeneons  spherical  body,  other  things  being  the  same,  is  as 
its  ienaperatvire  T,  iU  numeratom  N,  and  \t9i  vohmie  V  conjointly; 
•dieisefore,  T  being  the  temperature  of  the  body  B,  its  absolute 

..^(tractive  £91396  on  ^  will  be  9»  ^—t^m  and  its  acoeleratiye  .force 
as  .  ;       >   A\^d  t,  n,  V,  representing  the  like  ihings  of  the  other 

.  toi4y  ^,  its  absolute  attractive  force  on  1}  willbe  as  ^-^^^  and 

«la  fttederative  ai^ 

Now  Newton  haS;Shown,  p.  242,  of  his  Optics,  bodies  to  be 
so  rare  that  water  hias  at  least  40  times  more  poms  than  solid 

farts ;  and  iiiot,  in  his  Traite  de  Physique,  torn.  \v.  pp,  124, 
25,  has  carried  the  idea  bo  tar,  as  even  to  suppose  the  solar 
system  itself  to  he  hut  one  great  particle  relatively  to  other 
larger  and  rarer  systems.  Without  inqiuring  into  the  merits  and 
probability  of  this* 'bold  idea,  there  is  every  reason  to  believe 
with  him,  that  "  il  se  pourrait  meme  qui  dans  les  corps  qui  nous 
paraissent  les  plus  denses,  la  capacite  des  interstices  surpa^sat 
'^^rinsieurs  miUiers  des  fois  le  volume  des  particules  materiellesf'^ 
>«r,'at  least,  that  the  densest  bodies  we  know  of  do  indeed  con« 
tain  vastly  jmore  pores  than  Bohd  parts.  Therefore,  it  follows, 
•that  every  one  of  the  particles  of  any  compouiid  body  migpht 
a«tate  and  prodnee  those  afieetioDs  1  have  iMgined  on 
jemereal  fluid,  very  nearly  the  same  as  if  it  was  alone'  and  unsur- 
pDonded  by  the  other  partides  ;  and  conversely,  the  particles  of 
lany  ooiiipouii4  bfldy  imght  be  iadivkliiaUy  affected  by  theagka^ 
it^ons  of  the  meditiin,  almost  the  ^ameas  if  they'ii^re  alone. 

JBiefore  1  proceed,  iiarther,  it  is  necessary  to  anticipates  jsa 
obj^e^tion  that  at  tiwLoatsflt  mi^ht  be  made  to^  this  theory  of  j^ra* 
jritatiki.  Thefoiee  of  gravitation  that  has  been  here  deteniliaed 
is  on  the  supposition  Uiat  the  impelled  body  Js  in  a.  utate'  of 
iOQiese#noe ;  and  it  wglil»  *  Ibereiore^  be .  eoneeived,^  that  the 

*  wmcttosi  would  be  less  m  a  Ifodjir  mdving  towards  the  central 

•  ^ys,>^.d  greatej  .mpYjag.f!;0ni.4);^,?!ry<A:m  to 
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what  we  find  by  experience.  Though  regarded  mathematically 
stich  an  inference  would  be  strictly  true^  yet  since  the  ditierenea 
betw«e|i  the  forces  will  depend  on  the  activity  of  the  medium^ 
and  since  this  nctivity'  will  be  increased  in  proportion  to  tha 
teimtty  of  the  parts  of  the  loiediapa,  it  is  evident  that  tha  etfaenai 
atoms  toby  be  so  small,  and  th^  activity  of  the  liediaiii  oonsa* 
qneotly  so  great,  that  the  swiftest  motions  we  know  of  could 
produce  no  sensible  difference  in  the  vig6ur  of  its  action.  For 
inManoe,  suppose  one  of  the  ethered  atoms  t<^tevetlte  stnis 
Tfitto  to  a  particle  if  light,  that  a  ball,  a  foot  diameter,  has  to^^ 
wMe  earth  (and  there  is  ceitaiiily  nothing  iHhkh  feibids  us  to 
suppose  that  the  ratio  might  not  be  as  little  or  even  much  less), 
Aea  calling  the  eardi  4^)00000  feet  diameter/ 1&  thousand  of 
these  ethereal  atoms  would  individually,  with  the  same  fores 
that  gives  n^otbn  to  a  particle  of  light,  recei^a  a  Telocity  mam 
than  74OOOOOOOO60OOUOOOOO  UiDes  greater  thaa  that  of  ligiM;. 
But  with  such  an  activity,  die  law  of  attraction  on  a  body  mov- 
ing with  the  velocity  of  light,  in  the  direction  of  tSte*  attractioir, 

would  not  be  augmented  more  than  a  if^xxxmiXi^^mntmom  ^ 

part  of  unity.  And  w^th  this  increase  in  the  law  of  attraction, 
k  would  be  2857796067672610  years  before  ^e  apsea  of  the 
earth's  orbit  would  move  one  second  of  a  degree.  But  sines 
our  calculation  is  made  on  die  supposition  that  the  body  wiA- 
dfaws  itself,  as  it  were,'  from  the  actiwi  of  the  impeiting  power 
with  the  rapidity  of  light,  the  aogmentatioa  or  dtmiiMitiaii  of  the 
law  OR  a  body,  moving  Uke  any  of  the  bodies  of  our  plamtaiy 
system,  wovkl  be  many  million  times  less  ;  and,  therefore,  it 
would  take  many  milhon  times  the  period  that  i  have  assigned 
to  produce,  with  a  fluid  of  such  activity,  a  ditierence  of  1'^  in  the 
position  of  the  earth^s  apses.  We  may  hence  fairly  conclude, 
that  there  might  be  a  fluid  medium  pervading  the  heavens  and 
all  bodies  of  such  activity,  that  no  tuuiijble  difference  could  be 
observed  in  the  intensity  of  its  action  on  bodies  in  a  state 
quiescence,  or  moving  with  a  velocity,  not  onlv  six  million,* 
but  several  million  million  times  greater  than  that  of  light. 

'  With  the  same  view8  it  \v.  nil<l  he  easy  to  show  that  the  resist- 
ance which  such  an  eUiereal  iiuid  vi'onld  cause  to  the  motions  of 
any  oi' the  celestial  bodies,  could  produce  no  fsensible  etiects  in  a 
period  of  nianv  iniUion  yeai's.  No  objection,  therelbre,  so  lar  as 
it  respects  resistance  or  irregularity  of  law  of  action,  can  be  made 
to  hUing  the  heavens  with  a  fluid  of  this  kind,  which  it  would 
not  be  easy  to  answer;  and  we  might  consequently  infer,  that 
whatever  lias  been  demonstrated  of  an  unresisting  and  a  per- 
meating gravitation,  aught  be  easily  transieorad  to  our  iioid 

Uea^tikings  being  granted, itfoUoV  tV^tsmice^^^lsm 


expression  for  the  iaw  of  gi:«vitatiou  (Qwai^ds  any  sp^ierical  body,  ^ 
the  gravit,ating  forces,  or  the  weights  of  auy  two  spherical 
bodies  towards  iiiiy  other  body  at  equal  distances,  are  as  th6 
quantities  ot  matter  ia  the  attracted  bodies.  This  law  has  been 
proved  experimentally  by  Sir  Isaac  Newton ;  but  thoi]<rh  this  be 
true,  the  converse  case  does  not,  according  to  our  prniciples, 
hold  good  ;  namely,  that  the  attractive  forces  of  bodies  are 
directly  propoitional  to  their  quantities  of  matter.  Our  princi- 
ple&»  do  not|  thereibre,  corroborate  Newton's  third  law  of  motion, 
respecting  the  equality  of  action  and  reaction  in  attracting 
forces ;  for  by  oiir  tbeory  a  body  might,  by  the  agency  of  the 
fluid  inadiiUB^  be  impelicKl  towaiaft  another  without  any  recipro- 
cal actiop^  which  is  by  no  meuit  aurprising,  if  we  consider 
attraction  not  to  be  an  inherent  or  e»8«atial  property  of  matter^ 
bat  mefely  the  action  of  a  third  body.  When,  however^  we  take 
JtMnxtgj&Of^OU^*  bodies  of  the  t^me  temperature,  the  equality  of 
action,  and  mctioii  toems  to. bold  true  ;  but  in  diifeceat  bodiuaii 
difiereDil^  ootoposed,  or  the  same  body  at  different  temperatoreit^ 
a  difference  should  be  observed  in  their  attractive  forces  propoiw 
tional  to  tiie  gmtness  of  the  dissimilarity.  Other  things  being" 
aUke,  the  attractive  forces  should  be  proportional  to  the  temper* 
4ltu|e6  9  so  that  the  attraction  of  all  bodies  at  the  extieme  tern* 

r^raUises  of  the  fluidity  of  water,  should  have  a  tatifk  of  about' 
to  7«  .  Unfortunately  tlie  difficulties  attendiu^  the  oorroborat* 
iag  by  experiment  of  this  part  of  oar  formula,  much  exceed 
those  of  the  other;  nor  have  I  as  yet  de¥ised  sny  method  of 
satisfying jnyself  respecting  it  in  tlie  manner  that  I.  could  wiah.f 
But  tbaugh  great  difficulties  lie  in  the  way  of. a  numerical  proofs 
there  are  some  pbmomena  which  seem  preitty  dacisively  to 
sanction  the  general  result  of  our  formula ;  Namely*  that  aa 
increase  of  temperature  produces  an  aumaveatatipair  of  attraction* 
Thus  Eulev  has  found  that  thf.  iocus  <w  a  oonvex  lens  is.con-^ 
tiacted  by  a  greater  and  extended  by  a  less  temperature  ;  from 
whioh  it  plainly  appears,  that  the  refracting  f<urce  is  increiUed  in 
tboone  aaddiminiBned  in  the  other  case.  M^Lsplaoe  in  the  M6ca* 
niaoe  Cdeste  has  calculated  the  annual  equaUoaof  tbe  mooa  at 
ir  22^  while,  by  the  best  taUes»  itjs  only  aboMt  IV  at'^ 
Th»  dii^ence  betireen  these  quantities  appeaia  too.  much  for 
the  erior  of  either  obseriration  or  calculation,  and  therefore  indi^ 
cakes  an  inor^ed  attraction  in  the  peribelionr  and  a  deareased 
ki  the  aphelion  earth.  By  aU  the  cafeulptions  thatihaTa  Uthexta 
keen  made,  a  reguhur  dumnation  in  4tha  attsaetire  forces  of  the 
planets^  reckoning  from  the  sun,  has  been  observed,  which 
ihoiitt  that  the  4wUer  pknets^hava  leas  attcartion  iJian  the 

k  m 

*  By  iKMiMigeneout  solid  or  fluid  bodies  is  here  meant  those  all  of  whose  part»  «« 
^afli^  SMi  wiiMnBta»-4Mr  coostitiiatt  eknents  and  the  aflMxaatioQ  of  them. 

4n»eattu,  lialiM««al|«tmitiMi  «  yaqMr  fliM  aadfppMwri^iHrpMti^ata 
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wanqer*  .  Uraniwfifam^  iC  (fjlam  coi^putali^ns  should  rVefjyTy  the 
present,  exhibit^  ai|  ^xce^oo.to  i!)ui  nde^^  This  is  not  UidjB^ 
impossible,  nor  repn^pWt.tO  plttC»foffQlul|l}  i^^J  requir€S<||t.4^& 
ferent  qonsUtution  from  the  r^st  of  the  ptanets,  such,  for  iiuit«|f>^, 
•i  nunuter.particles ;  for  then  by  jea«pii  of  >4iie  cioUBe*^  ibuif. 
may  be  mor^  munerous.  Aoouier^avguiiieiM  ip  fs^vpfv.ef 
fbrmulA  is  the  ver^r  small  dit^positioii  to  dintiirb  tkiat  i8'fiui]|p4  ^ 
comets^  This  might  in  part  .arise  bam  %.dtf^Dfi9  4>f  .bqnatU 
tiltiooy  but  it  hardly  seems  reasaoaUb:  to  make  it  the  only  <s9m^ 
with     of  tbem.  ^ 

*  Granting  that  atlraotion  and  temperatuve  .av^.|^p(tttioqaV  it 
Ibllows  that  the  polar  parts  •  of  the  ^arth  being  eqld^ir  than  tbn 
equatoriajy  the  attractio^i  of  the  whofe  efjrth,  in  plaow  abcf^t  fibie 
former,  must  Uhm  than  its  attoaction  in  places  about  ^  ia^tcMc; 
and,  therefore*  ihe  isochronal  peodulum  nsnst  b^  shoiteriaiidcr 
the  poles  than  at  the  e<iiiator.  On  Um  accQuiit»  thevefora,  it' the 
e^rtn  was  a  sphere,  its  figure,  as  indicated  by  the  pendulum, 
should  be  a  prolate  spheroid;  and  if  the  figure  be  an  oblate 
«  spheroid,  the  measures  by  the  pendulum  would  give  eithei*  a 
prolate  spheroid,  a  sphere,  or  an  oblate  spheroid  of  less  eccen- 
tricity than  it  leully  is.  Now,  according  to  the  best  observa- 
tions, the  comuression  of  the  earth  by  the  pendulum  is  about 
_.L_j.,  whereas  by  Newton,  from  the  theory  of  gi-avity,  it  is 
TTj-Qj  and  by  most  of  the  admeasurements  it  lies  between  the 
two,  or  about  rj-f^  by  Col.  Lambton.  But  the  same  theory 
which  indicates  too  small  a  compression  with  tiie  pendulum, 
indicates  also  too  large  a  one  ou  the  supposition  of  uniform 
gravity ;  for  as  the  gravitation  oa  the  Newtonian  theory  is 
{greater  at  the  poles  and  less  at  the  equator  than  it  ought  to  be, 
Newton  must,  in  his  computation,  have  made  the  polar  fluid 
canal  too  short,  and  the  equatorial  too  long,  and  consequently 
the  eUipticity  of  the  earth  too  great.  Hence  our  theory  also 
indicates  the  cause  of  those  discrepancies  in  the  three  methods 
of  determining  the  figure  of  the  earth,  which  have  so  much 
baifled  mathematicians.  The  intervention  of  other  things,  and 
a  want  of  extensive  and  correct  observations  on  the  mean  tem- 
peratures in  different  latitudes,  prevent  me  at  present  from 
attempting  a  numerical  proof  of  these  ideas.  Humboldt's 
collection  of  experiments  on  the  temperatures  of  different  pl^^es^ 
lately  published,  and  the  expeiiments  made  by  Dr.  John  JPavy  in 
his  voyage  to  Ceylon,  with  some  others  that  have  lately 
appeared,  have  indeed  enabled  me  to  fix       nmriy  i:  the  lair  irf 

*     II  a  pluaieun  nisons  (says  M.  Laplace)  de  arofaf>,qpi»  |ci  mHiM4M  mates 

font  tres-petites,  et  qu*  aiiui  leur  action  est  intteoaibla.**  *  * 

f  The  Ibnnula  liMr.«ccunite1y  expressing  the  mean  aaniuil  lempcnim  of  rtiHiKit 
hitniftiwmldbe  one «f  ftiy 9MU  complexity,  and,  perhapa,  fai  tfce  jwwiBSt  tttMB eg 

science,  would  surpass  the  powers  of  analysis  to  exhibit  in  a  finite  equation.  Assuming 
the  teuiperatutes  of  tlte  polar  and  equatorial  regions  at  0^  and  Ki^"  of  Fahrenlieit,  ray 
formula  will  seldom  diner  more  than  a  d^ree  ox  two  of  Fahrcohoit'a  scale  from  that 
lildj  fNfB     tt.  Bmntti^  Bandy,  tem^ntuit  »  81 4^ 


the  variation  of  the  temperature  ;  but  they  want  that  iextent  antj 
variety  wliich  are  requisite  to  estabhsh  correctly  t'he  true  meap 
temperatare  of  the  earth  in  differeiit  parallels.    To  settle  this 

f>oint  well,  a  series  of  observations  *  are  wantui^',  in  the  intersec- 
ions  of  about  every  fifth  or  tenth  degree  of  latitudt?  and 
longitude  on  both  sicfcs  ef  the  equator,  and  as  near  to  the  poles 
as  possible.  Local  circumstances  will  no  do'tibt  always  interfere 
to  prevent  the  pei  feet  Coincidence  of  any  general  law  of  temper- 
ature with  observation,  which  is  the  case  with  the  one  tliat  1 
have  assigned.  Indeed  were  it  not  so,  and  were  the  earth  of  a 
Uniform  constitution,  it  would  Ije  no  difficult  matter  to  determine 
its  ellipticitv  from  the  temperature  alone  of  ditl'erent latitudes. 

Philosophers  inform  ns  that  the  southern  parts  of  the  earth 
arc  colder  than  the  northern.    This  niioht  possibly  be  owing  to 
the  different  structure  of  tlie  superficial  earth  in  the  two  hemi- 
spheres, with  respect  to  land  and  w  ater  ;  but  whatever  be  the 
cause,  an  inequality  in  the  mean  temperatures  of  correspqndiAg 
latitudes  cannot  fail,  if  it  be  considerable,  to  affect  the  attraction 
et*  the  earth  at  those  places,  and,  therefore,  the  length  of  the 
petidufum,  arid  consequently  the  figure  of  the  earth,  as  deter* 
mined  by  the  pehdulueA.   Whether  this  be  really  the  cause  of 
tlie  irrek:Qlarity  of  figure,  which  has  been  said  to  have  been 
observed  in  the  two  hemii^heres,  I  musi  leave  until  I  have 
ebtaihed  data  sufficiently  correct, to  ei^abl^  me  td  undertake  a 
complete  solution  of  the  ph>blem,  respecdng  'the  attractiop  aiid 
figure  of  the  ea^h.   Upon  the  whole,  however,  this  theoiy  of 
gravitation  seeths  to  render  it  probable,  not  only  that  the  earUi 
difff^  in  figure  much  less  from  a  solid  of  irevolution  than  lias 
l^ly  been  imagniedi  bttt  that  its  internal  structure  is  also  more 
n)9^rttiiy  homogeneous^  than  some  j^hilospphers  have  supposed* 
,^  MfttfaemAticians  wilt  readSlf  petceive,  that   less  temperatui^e 
in  the  sDUtfaeth  than  iii  the  nottnem  hemisphere^  if  eonsideraUe^ 
ottgbi  td  acfiect  the  liiiiai^  theoiy,  and  acc<;lerate  the  motion 
the  modfi  in  n  And  ^ ,  and  retard  it,ii:i  t  ^i^d  VP ;  and  that  the 
ecmatlon*  thus.^prddaced  oukfat  jto  be' the  greatest  when '  Q  fails  ii| 
the  ^ernid  equintnr^  arid  the  leaist  wheniii  the  autumnal;. and 
that 'other  things  beihg  tlie  same,  it  oug;ht  likewise  to  be  greater 
about  the  time  of  tha  aphelion  efllrth,  and  less' about,  tfae  thne  of 
the  perihehon  earth.   The  distance,  howevctr,  of  the  moon  from 
the  e^h,  the  small  oblic^uity  ofits  orbit  to  the  equator,  and  tb^ 

*  It  might  be  advbaUe  in  future  cxpehment.H  to  aiK:ertain  the  temperature  of  tlic  bea, 
and  its  dhimd  vatiiitkni,  at  different  dq>ths;  for  I  do  not  remember  to  bavt  afeen  any 
rM&ee  taken  of  these  things  in  the  experiments  that  I  havelittherto  read.  Oncmi^t 
indciH^  infer  from  Dr.  Davy's  experinipnt*;.  thnt  if  there  be  a  variation  at  any  consider- 
able depth  hvlow  the  surface,  !tt»i  prnbably  but  triHini?.  It  "would,  however,  at  least  be 
aatiffactory  to  decide  thia  quesitiun  by  actual  experiment ;  and  besides,  a  knowledge  of 
.aiU'ilMywrtiiniilKf  liiii  «MMi-«t  dMbaSl  deptfuv^  tnd  io  aflAfent  pliuM,  voifld  fdmly. 
eoabk  phttoM|»helt,'lo  AeloeDble  the  intenud  tempcratnre  of  the  earth,  and  its  law  of 
variation  toiNtfdff  the  acMe,  M  vtfi  as,  |icllini»  me  other  poliits  of  great  intmtt.  Is 
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iriflinjr  difference  in  the  Tiitio  of  the  temperature^,  whibh  a  cott-  - 

sideiiible  thennoiuetric  difference  in  the  two  hemispheres  would 
produce,  conspire  to  show  that  the  coefficient  of  such  an  equation 
must  be  exceedingly  small,  if  not  wholly  insensible.  1  have, 
therefore,  merely  alluded  to  the  subject,  that  philosophers  mi^ht 
take  an  opportunity  of  considering  it  further,  and  of  examining 
whether  in  the  future  improvement  of  the  lunar  tables,  the  line- 
^ual  temperature  of  the  different  hemispheres,  and  the  alternate 
increase  and  decrease  of  temperature  in  the  same  place,  arising 
from  the  motion  of  the  sun,  are  deserving  of  attention. 
'  Returning  to  our  law  of  gravitation,  it  is  found  that  when  the 
diameter  of  the  attracted  particle  bears  any  sensible  proportion 
to  the  central  di-staace  of  the  two  particles,  its  gravitation,  except 
in  the  case  of  its  being  a  sphere,*  no  longer  follows  the  law  of 
tlie  inverse  squares  of  the  distances,  but  a  law,  win*  fi  increases 
the  Ibrce  of  attraction  much  more  rapidly  as  the  particles 
approach.  It  is,  therefore,  evident  that  uur  theory  of  attraction 
is  not  only  capaljle  of  expounding  the  gravitation  of  bodies  at  a 
grent  distance  fiom  one  another,  but  also  all  that  varietv  and 
increase  of  force  which  are  observed  in  the  particles  of  bodies 
when  brought  nearly  into  contact.  For  instance,  if  two  particles 
approach  each  other  with  flattened  surfaces,  the  intensity  of 
tneir  attraction  when  these  surfaces  are  very  near  to  each  other, 
and  the  force  of  their  cohesion  v.  hen  the  particles  are  in  contact, 
will  be  much  greater  than  if  the  same  particles  could  have  pre- 
sented spherical  or  more  pointed  surfaces,  so  as  to  touch  but  in 
one  or  two  points.  For  the  same  agitations  of  the  same  particle 
wiii  rarity  the  ethereal  medium  considerably  more  on  the  flat- 
tened side  of  the  particle  than  on  the  pointed  side  (generally 
indeed  more  than  in  proportion  to  the  greatest  transverse  sec- 
tions of  the  particles);  and,  therefore,  when  the  particles 
approach  with  their  flattened  sides,  the  medium  between  them  is 
much  more  rarified,  and  its  elasticity,  therefore,  much  more 
diminished  than  they  would  be  under  similar  circumstances  of 
agitation  between  less  superficial  areas ;  and  consequently  the 
attraction  of  the  particles,  which  consists  in  the  excess  of  elasti- 
city on  the  exterior  and  interior  sur&ces,  is  considerably 
augmented.  And  when  the  particles  come  into  absolute  con- 
tact, the  flat  sides,  by  displacing  a  greater  portion  of  the  medium 
irom  between  them,  will  occasion  d&e  particles  to  be  pressed 
together  by  a  force,  which,  instead  of  being  equal  to  about  the 

f  Wexe  the  particle  of  fluid  bodies  nearly  spbencal,  and  wm  it  by  foxc«t>  reciuco* 
oIlypniportMnal  to  tlw  Moant  of  Mr  eeatnu  diBlaaow  iSuA  ibitf  am  kept  togetto;, 

aoiH,  it  hang  the  higher,  S„     the  correspaodfaig  volumes  of  the  fluid  bo^,  and  Q  aa 

arbitraiy  quantity  to  he  detcnnincd  from  the  nsture  of  the  fluid.  Bnt  the  expansiorrs 
detenxtfned  from  this  ibrmula  are  manifestly  tf>o  little ;  Jiince,  it"  the  particlejj  attract  one 
another  with  such  forc^  the  iiiud  can  never  become  gaseous*  The  true  hiw  c^'  e%p«a' 
wkm  in  fttad  aod  solid  badks,  I  wa  tagly  perceive,  ia  cowtemi  wifli  s  gwnans  proMwn 
niuefa  I  have  not  JSC  naoiffod* 
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of  Hie  two  MiooiBee  of  tlM  pM«i*Mi  w  tlie  MbibttmA 
Heiir^f  aides  oftbe  iyo  particles,  will  be*  perhsM,-  aearly  equal 
to  die  'Sttm  oftbe  two  wnole  preasurea  oa  their  faiiher'ii<d^» 

Difbmat  dagieaes  of  flatness  will  evidently  cause  Uifietent 
degiees  of  attraotioa  and  oobesioa*  But  it  is  not  to  flatness 
alone  that  Ae  oobesioot  affiiutT»  &e«  of  the  partioies'  may  he 
owing  i  a  proper  adafitation  of  the  parts  orligura  of  ode  paitiola 
to  the  parts  or  figure  of  another*  may  as  moch  conduce  to  the 
cohesion  of  the  aarticles  as  flatness;  and  hence  the  greatest 
scope  is  afibrded  tor  expounding  the  various  phenomena  of  che- 
mical action.  Suppose,  by  way  of  example,  any  compound 
particle  whose  component  particles  have  a  certain  adaptation  in 
figure,  be  brought  into  contact  with  any  otL](  r  particle,  whose 


then  ii  the  li^uies  of  the  elementary  particles  of  either  oF  the 


in  some  measure,  the  kind  of  change  that  has  been  effected ;  . 
and  by  this  means  possibly  some  conjectures  might  be  formed  of 
^.physioid  oompoaition  of  many  bodies. 

I  might  now  extend  my  observations  to  the  solution  of  many 
other  i^sNSOmeoa  of  nature.  1  might  show  that  the  fluidity  of 
bodies  arises  from  their  particles  not  having  a  sufficient  adapta* 
tion  of  figure,  to  make  their  cohesive  tendency  overcome  the 
•fleets  of  their  mutual  impulses,  due  to  the  limiting  temperatuiea 
at  which  they  are  fluid.  I  might  show  that  the  boihng  points  of 
fluids  depeaa  ohiefly  on  the  magnitude  of  their  particles,  and 
their  freezing  or  congealing  on  the  magnimde  and  adaption 
conjointly.  I  might  show  how  difierent  combinations  of  the 
same  elements  might  produce  bodies  diflering  essential^  in 
ei^ear,  aoKdity,  ap^iflc  gravity^  &e.  such,  fbr  instanee,  as  cnar* 
cod  and  the  diamond ;  and,  therefore,  that  notwithstanding 
snokbediefi  nuy  1m  eoo^pased  of  precisdv  the  wme  constttnent 
parts,  a  transmutation  from  the  one  to  uie  other  can,  perhaps, 
never  be  e^cted,  unless  by  decomposing  them  into  their  con- 
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eiating  those  elements  in  the  ptrticiilar  manner  that  iMrtnre.kflji- 
adapted,  i  mizht  likeMrUe  unfold  the  cause  of  the  opacity  and  • 
transparency  of  bodies,  and  show  that  the  phsenomena  of  reflee* 
tioa  and  refraction  consist  in  two  distinct  forces  resi^Utig  the 
^  oi^  withoQt  the  other,  and  acting  upoa  the  luminous  partiefea 
sfparately  and  distinctly  near  the  surftoes  of  bodies  ;  that  tk» 
figures  <n  the  molecales  of  hght  are  the  oavsc  of  the  fits  of  easy 
iwcction  and  transmission;  of  the  phaenomena  of  polarization; 
and  combined  with  the  fi^ore  of  the  mtegrant  particles  of  donbty 
refracting  ciystab,  likewise  the  cause  of  donble  vefiraction  and 
its  consequent  phsanomana.  And  by  the  same  piino^jlca  i 
might  show  how  lo  explain  the  disproportiooid  dispemoii  «f 
lighty  and  the  various,  pfattnooiena  of  dinraction,  as  well  as  the 
interseotionaiv  bands  lairiy  discovered  by  Mr.  Knox,  and  sooas 
cifcular  and  h^merbolic  bands  discovered  by  myself.*  i  might 
'also,  from  our  solution  of  the  problem  of  gravitatiooy  demonstmle^ 
Ifait  the  particles  of  light,  howerer  different  in  siae^  must  be 
radtted  with  nearly  equal  velocities;  that  the  vdoeity  of  the 
solar  and  astral  light,  conformably  to  phscnomena^  shooU  be 
nearly  equal ;  and  that  it  is  to  the  reciprocal'  action  of  the  sun 
and  stars,  tlmt  gravitation  itself,  and  coosequ^itly  all  the  other 
phaanomeim,  are  owing ;  but  as  1  have  considerabty  extended 
this  memoir  beyond  the  Umils  I  at  first  intended,  and  as  m 
ideas  on  some  of  these  subjects  are  not  yet  stifficiendy  matuea, 
I  have  deemed  it  better  to  reserve  what  I  may  have  fiirther  to 
say  to  a  fatoie  period,  when  I  may  be  enabled  to  put  these  and 
some  other  things  together  in  a  more  methodical  form.  < 

For  like  reasons,  rshall  not  now  stop  to  inquire,  whether  the 
phsmomena  of  magnetism,  electricity,  and  galvanism,  are  leMdti* 
Die  to  the  same  prmciples  or  not.   Ror  shall  I  attempt  to  aMka  -. 
any  obsemitions  ou  the  still  more  metaphysical  properties 
ascribed  by  Newton  to  our  gravific  medium ;  namely,  whethte 
Sensatio  omnis  excitatur;  et  membra  animiaUttm  ad  ypteite^ 
tern  moventur,  vibrationibtis  hujiis  spiritus,  per  soUda  nerFemm 
capilkunenta,  ab  extemis  aensuum  organis  ed  cenibinov^ 
cerebro  in  musculos,  propagatts ;    for  these  are  ajpeeulalaoast. 
much  too  metaphysical  for  wis  place,  and  are  besides  things 
quae  paucis  exponi  non  possunt.^' 

I  am,  dear  Sir,  your  obedient  humble  servant, 

BrUUd,  KtwzukHillyf  MatfiS,  18«0.  JOHN  HfiRAPATH. 

„  .  ,.  .  .  ./(p 

T  K  wft&  intended  to  umka  tii«  Kubstanoe  of  tliut  conuuuDicatioa  a  suf^demmt  to  one 
iMHtftftmiig'tw  ^WP^  fff  tf*rf*  iHUid^  wiih  «  rtathrnwtkal  CKplirarioo  o(  their  caiue  ; 
but  finding  that  I  conld  not  expiam  myself  in  so  few  wosds  m  I  ocpected,  I  faaTetboughfc 
it  pwfawble  to  miiit  the  optk»l  part  ifltc^^  . 

f  This  iraa.wiittcu  at  Knowi^  Hill)  but  the  author  now  lesideg  at  Craofw d,  iiouB^ 
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'-•Wten  Mr.rHenm^  ha4^d«iMMo»dltto.0aiiKibita 

r<tnlfcof  »Jpiiwim|t»  Mdg'by4fini>'  andiitiitofctiag  tUmmbmttutffi 
ofliiB  9M>M*kdmtikmkfi  Mtm-i  ^•mAhi^ikmA  aooonUngly^ 
nadipan  -flrangeifiWDtiftr  the  appemiUMitf  j|iii,bllHr  paper;  ia: 

.IteiAoiiBtlmoeB'fiM  w  oltenlibsim 

]]lM«ii#oe8satj  hiving^ origtiiiBiteil  with  iney  I  consMkr  it  pvop^. 
to  apoiogb^  ^  jwiatfWOPfnmtammm^  may  hav^ 

ansen  to  you»elvor'fer:iiiedK8apppiitti^  may  be  felt 

by  your  readers  liroai  my  withholdmg  this  paper,  aod  placing  it 
iu  a  d  iff  e  rent  channel.  •  ^ 
'''It  has  now  been  presented  to  t^ie  Royal  Society  by  Da  vies- 
G^ibert;  Esq.  MP.  Vl^RS.  iicc.  who  received  it  from  my  hands. 
-  '    i  I  am,  Sir,  your  obedieat  humble  servant, 

.  t  Article,  !!•  ,  , .  j,.     .  ^..^ 

Analysis  of  Fenl^rii.   By  R.  PhillipB,  FR8E;  te. 

Having  lately  had  occasion  to  make  some  inquiry  into  the 
different  methods  of  preparing  acetic  acid,  my  attention  was  of 
course  particularly  directed  to  acetate  of  copper,  as  one  of  the 
substances  from  which  it  has  been  oRen  procured.  TTpon 
referring  to  the  more  recent  chemical  authors  to  ascertain  its 
composition,  1  could  not  hnd  that  any  analysis  of  it  had  been 
made  since  that  given  by  Prousty  aocofdmg  to  which  ciystaiiized 
aeetate  of  copper  consists  of       >  . 

-  *'  *  Acetic  acid  aikd  i^aiter. •«'•'•••;•'••'.  «  •••  61      '  • 
Peradde  of  copper.  •«.',.'/•;;•.••••«•;  99 


f    A     t  t'\  f 


.  xoo 

From  this  statemeiit»  it  is  not  possible  to  learn  die  quantity  of 
red  acid  coiitamed*iii  tta^  gelt;  i  made,  ther^e; 
mento  to  deterai}9e  thin  poiat  Acc^c  acid  does  not  Ibrm  irith 
mj  aubstance  a  anffid^ndy  insohible  oompotiod  to  eaaUe'na  to 
delennifte  iti  eqnfraleiit  intli  pteeiaicm,  tuvcan  die  whole  of  it  bo 
obtained  bv  diatiUalion ;  I  adopted  as  a  aabatitate  the  feUowing' 
taediod :  Oiie*  bandied  grains  of  ctystalfized  acetate  of  copper 
were  dissolved  in  distilled  water ;  excess  of  hydrate  of  lime  was 
added  to  the  solution,  and  the  mixture  boiled.  ^  The  oxide  of 
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C^/pp&c  irecipitalidy  and  the  undwolved  Une*  were  Bepf^^Ued 
by  the  mter;  througk  tha  clear  solution^  containing  excess 
of  lime^  I  passed  a  current  of  carbonic  add  nntil  the  lime 
was  piedimted,  and  I  then  hei^  the  solution  to  sepaMe  any 
esrikmals  of  linaa  tihioh  might  hate  bean  iedissol?ed  by  Ae 
tebooiG  acid.  Hovbg  filtered  Hie  sobtioii,  I  feand  it  to  fasT 
neokral  acetate  of  hme,  end  Aea  decomposed  it  nith  carboiMila 
afsod%  irtadi  gate  48*5  grs.  of  eaiboiiatefifUflie.  Oii  repeal- 
ing A»  BKfmmlBi^  1  obtained  48-6  gnu  the  sasan  being  48*65. 
One  hm^Md  grains  of  ciystdUasd  acetate  of  copper /were  ^b- 
adyed  tn  water,  and  boiled  with  escesa  of  potash.  The  peroxide 
of  copper  precipitated,  weighed,  after  washing  and  diyihg,  38-9. 
grs.  On  repetition  I  procured  39*5  grs.  giving  a  mean  of 
^9-2  grs.  • 

'  According  to  Dr.  Thomson,  an  atom  of  acetic  acid  weighs 
63*75 ;  and  1  am  satisfied,  from  various  experiments,  that  it  is 
very  nearly  correct ;  and  if  we  consider  this  acid  to  be  composed 
of  three  atoms  of  hydrogen,  three  of  oxygen,  and  four  of  carbon^ 
as  is  generally  admitted,  it  will  be  represented  by  63*96  on  Dr. 
WoUaaton's  scale,  agreeing  almost  precisely  with  Dr.  Thomson's 
determination.  If  then  do  of  carbonate  of  lime,  the  number 
representing  it  on  the  scale,  give  63*96  for  acetic  acid,  48*55  the 
carbonate  of  lime  resulting,  as  above  described,  from  the  treat- 
ment of  100  grs.  of  acetate  of  copper,  will  indicate  49*2  of  acetic 
acid  ;  so  that  we  may  cons^er  prystalli^  acetate  of  copper  as 
composed  of 

JifS^Ac  acid .  M  49*2 

.  Peroxide  of  copper.  •  •  •  • «  •  39*2 

Ledjdng  Ibr  water  i..... ......  11*6 

LOOrO 

'  If,.as  is  generslly  admitted,  peroxide  0f  eoppefbeaeompotttoft 
of  Wo  atomet  of  oxygen  20,  and  one  atbm  of  copper  8D^  m 
4t<mnc  constitmion  of Terdigris  wiU  be : 

By  the(Hy«        By  experimcat. 

2  atoms  of  acetic  acid   127*92  ...^  128*84 

1  atom  of  peroxide  of  copper," 100*00  102*65 

3  atoms  of  water  •  .  •  .'.  33*06  •  • .  •  '  30*39 

261*88  261*88 

,  Dr.  l!liomson  has  lately  shown,  that  the  sal^  called  blue  vitriol 
is  a  bjsulphate  of  copper  ';  and  in  addition  to  the  reasons  which 
l^has  assigned  for  tms  opinion,  I  may  add  that  if  finely  divided 
carbonate  dThme  be  added  to  a  solution  of  it,  insoluble  sulphate^ 
of  copp^  IS  precipitated  with  effervescence^  and  as  the  sanm 
dfects  are  produced  with  the  soluble  nitrate  and  mariate  of  cop- 
per, and  with  the  acetate  also,  although  very  slowly,  I  think  we 
may  conclude,  that  the  soluble  nitrate  and  muriate,  as  well  U 
the  sulphate  and  acetate,  are  bisalts. 
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A&XICJUE  Ith 

Ohservations  upon  the  Gas  Blowpipe^  and  upon  some  of  the  more 
remarkable  Results  which  have  been  obtained  in  using  this 
Tff  sfrNmeitt  during  a  Course  of  Five  Years,  in  7vkich  it  has  been 
constantly  employed;  being  a  Co?itinuatian  of  for/ne?-  Remarks 
npon  the  Same  Subject,*  By  Edward  Daiiicl  Clarke,  IJ.D. 
Professor  of  Mineralogy  in  the  University  of  Cambridge  ; 
Member  of  the  Koyal  Academy  of  bcienceft  at  Berlin^  &c. 

(To  tiie  Editor  of  the  Annals  of  Fkilosophy%) 

SIR,  CmiMige,  May  12, 189t. 

A  PERIOD  of  five  years  has  now  elapsed  since  I  first  began  a 
course  of  experiments  with  the  gas  blowpipe.  In  all  this  time 
thosr  o\|ieriinents  have  been  of  a  public  nature.  Upwards  of 
100  persons  were  present,  March  16  of  the  present  year,  whea 
the  metallic  base  oi  barylts  was  revived  and  exhibited.  It  had 
been  cut  by  a  file  in  three  places  ;  and  it  presented  such  a  high 
degree  of  metallic  lustre  that  it  seemed  as  if  the  points  of  three 
iron  nails  had  been  similarly  acted  upon  by  the  tile.  This 
tuetalHc  body  being  then  left  covered  only  by  a  glass  vessel^ 
speedily  became  oxidert,  and  fell  into  a  white  pulverulent  earth 
of  barute^.  In  this  experiment,  no  oil  had  been  used  to  mix 
with  tiie  barytic  earth  for  the  purpose  of  making  its  particles 
adhere  ;  it  was. taken  from  a  glass  vessel  in  a  compact  state;  as 
it  had  been  prepared  with  the  utmost  care  by  Messsrs.  AUen^ 
chemists,  of  London  ;  and  was  exposed,  per  se,  to  the  tiame  of 
the  gas  blowpipe,  suj)ni)rted  in  a  pair  of  forceps,  the  points  of 
which  were  nicide  oi  slate.  The  reasons  which  have  given  rise 
to  the  opinion  that  the  tnctaldc  substance  tluis  so  often  exhi* 
bited,  is,  in  fact,  the  metal  of  haryteSy  are  simply  its  property  of 
rapidly  decomposing  water  and  atmospheric  air ;  addeff  to  the 
perfect  metallic  lustre  which  it  discloses  to  the  action  of  a  file, 
or  other  sharp  instrument.  In  addition  to  which  may  also  be 
mentioned  the  appearance  which  it  exhibits  prior  to  its  being 
cut.  It  has  then  a  highly  metallic  surface  resembling  the 
stalactites  of  the  black  oxide  of  manganese ;  but  of  a  jet-black 
shining  colour,  with  occasional  metalline  particles,  disposed  in  a 
dendritic  crystallization  upon  the  dark  surface.  If,  hereafter, 
^enosts  should  determine  that  these  characters  are  not  of 
lliemselves  sufficiently  decisive  as  to  its  metallic  nature,  still  thd 
aftme  of  phtonium;  which,  in  a  fonmer  commQnicatioB>  I  ren-* 
tured  to  give  to  this  appearance,  may  be  ooii8idere<i|  as  usefal 
for  its  distinction,  because,  whatever  be  its  real  nature,  it  is  a 

♦  • 
•  •  •  ■ 
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result  of  fusion  possessing  properties  of  a  peculiar  nature.  It 
differs  from  wood-tin,  which  exhibits,  after  fusion,  the  same 
de£rree  of  iueUillic  lustre,  but  is  still  in  the  state  of  an  oxide, 
Benig  guided  by  no  other  views  than  those  which  may  con- 
duce to  the  interests  of  science  and  the  advancement  of 
truth,  after  once  more  calling  the  attention  of  your  readers 
to  a  subject  not  unworthy  of  their  regard,  it  is  my  inten- 
tion to  consign  to  them  its  future  and  further  consicleration; 
brietiy  adding  what,  in  the  course  of  the  last  five  years  of  expe- 
rience, I  have  discovered  to  be  the  cause  of  failure  in  the 
attempts  made  for  obtaining  this  effect  of  fusion  m  bai  i/lts  ;  and 
moreover  a  few  liinaiks  upon  some  other  curious  pheuomeaa 
which  the  use  of  the  gas  blowpipe  has  developed. 

In  the  first  accounts  which  1  published  of  experiments  with 
this  blowpipe,  the  propriety  of  mixing  the  oxygen  and  hydrogen 
gases  in  the  exact  proportion  for  forming  water  was  always 
insisted  upon ;  because,  when  the  hydrogm  gas  is  only  added  in 
slight  excess,  the  mixture  either  will  not  bum  at  ail,  or  tlie  tem- 
perature of  the  fiame  is  greatly  diminished;  upon  the  elevation 
of  which  temperature  the  success  of  many  experiments  depends. 
There  are  some  experiments  for  which  only  hi/droaen  gas  alone 
may  be  employed  combined  with  a  small  portion  of  eitmosplieric 
air;  or  hydrogen  gas  uncombmed  with  any  other  aeriform  ilmd; 
but  the  temperature  is  then  greatly  lowered;  and  hence  may  be 
perceived  the  impropriety  of  naming  this  instrument  the 
oxy-hydrogen  blowpipe ;  because  it  is  adapted  to  erases  of  all 
kinds  ;  whether  in  a  state  of  explosive  mixture  or  not ;  some 
being  used,  as,  for  example,  oxygen  gas,  not  for  combustion,  but 
merely  as  a  supporter  of  combustion,  to  propel  the  fiame  of  a 
combustible  body,  as  alcohoL  It  is  on  this  account  that  I  have 
preferred  calhng  it  the  gas  blowpipe ;  being  an  appellation  of  a 
more  general  nature ;  applicable,  not  only  to  the  use  which  I 
have  made  of  it  in  burning  the  gaseous  constituents  of  watery 
but  to  all  its  operations  with  condensed  gases  .of  whatsoever 
nature  they  may  be.  But  to  return  :  I  have  since  found  that 
for  communicating  the  utmost  elevation  of  temperature  to 
flame  of  mixed  oxygen  and  hydrogen  gases,  it  is  better  to  add  the 
Ayifrv^en gas  in  greater  excess  than  was  at  first  thought  to  be  nefse^-^ 
sary :  instead  of  t%oo  parts  by  bulk  of  hydrogen  to  one  of  OJnfgtnf, 
the  proportion  of  mne  to  four  is  greatly  to  be  preferred ;  as,  foe 
example,  nine  pints,  or  measures,  of  hydn^m  gas,  U>/our  pints, 
pr  measures,  of  oxygen  gas.*  .The  operator  upon  opening  the 
Talve,  to  set  fire  to  mis  mixture,  will  immediately  perceive  hpw 
much  more  explosive  it,  is  than  any  other;  by  the  rapid  snap* 
ping  noise  of  the  flame,  caused  by  successiye.dejtonatioBS^  alike 
mouth  of  the  jet,  while  he  is  lighting  the  gas  witii  a  paper,,  and 

'  •  Thi»  pxoportum  ought  especially  to  be  observed  when  the  oxygen  gas  liaa  been 
ohtriwWi  ftqni  tiw  tmUe  of  manganese^  and  the  hydrogen  gas  tnm  t|ie  dcMmjxwitionoC 
,w9i9r  hf  iron^Kngi  acted  iipoa  bj  ftt^ghmrk  acM. 
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^vliich  ia^ka  infallible  sign  of  the  excellence  of  hia  gaa^ous  iniix«»' 
tiire  for  all  experimeBts  when  the  highest  temperature  is  reauired. 
The  stoutest  platinum,  wire  will  run  before  it  into  rapid  msion, 

and  is  immediately  exposed  to  combustion.  magnesia  miy 

thuB  be  easily  fused;  and  be  made  to  form  a  frit,  which  cuts 
glass  like  a  diamond.   The. edges  of  Iceland  spar,  that  most 
refractoiy  of  all  bodies^  when  exposed  in  thin  laminfle,  are  hji 
the  flame  of  this  mixture  invested  with  a  white  opaque  enamel. 
Rubies  and  sapphires  become  liquid,  ai)d  flow  together  into  one 
boiling  mass.    Grains  of  iridium  melt  and  bum  like  phuinum; 
Under  these  circumstances,  if  the  earth  of  barytes  be  now 
exposed  to  the  powerful  heat  of  the  burning  gaseous  mixture, 
unless  the  valve  be  partially  opened,  so  as  .to  allow  a  veiy  smau 
body  of  flame,  like  the  pomt  of  a  fine  needle,  to  act  upon  it^  it 
will  be  converted  into  a  ^enish  glass,  or  into  a  substance  exter- 
nallv  resembling  horn;  disclosing  no  metallic  lustre  to  die  action 
of  the  file.   In  mv  first  experiment  this  ^ear  for  exhibiting  the 
metidlic  base  of  barytes,  the  attempt  entirely  failed ;  but  f  was 
thereby  guided,  for  the  first  time,,  to  the  cause  of  the  failure ; 
fbT  the  mrytes  which  failed  was  taken  out  of  the  same  bottle  as 
that  which  afterwards  exhibited,  in  so  imminent  a  degree,  the 
metaOic  lustre  i  have  alread^r  described.  The  cause  was  owin^ 
to  the  length  of  time  in  wmch.  fhsion  had^  been  going  on,  and 
the  too  powerful  Iteat  to  which  the  revived  metal  had  been 
exposed :  it -came  away  altogether  in  white  fumes,  settUng  upon 
the  forceps,  and  tinging  the  flame  with  that  olive-green  colour 
which  always  characterizes  the  combustion  of  the  metiiUic  base 
of  barytes.  The  same  would  ha|)pen  with  silver ;  the  whole  of  the 
metal  would  be  dissipated  iu  white  fumes,  which  would  settle  upon 
^the  supintrter  if  the  heat  be  continued  long  enough,  and  the 
flame  also  is  in  this  experiment  tinged  of  a  paler  greenish  hue. 
For  exhibiting,  therefore,  the  metallic  lustre  of  Plutonium^  call  it 
a  metal^  or  a  protoxide,  or  by  whatsoever  other  name  chemists 
may  hereafter  decide,  it  is  necessary  that  the  experiment  should 
be  conducted  with  care.    The  ban/ tic  earth  should  be,  in  the 
first  place,  rendered  as  perfectly  an  anhifdraie  as  possible;  the 
presence  of  an  atom  of  water  would  inevitably  cause  the  experi- 
ment to  fail.    Of  course  it  is  hardly  necessary  to  add,  that 
water  ought  hv  no  means  to  be  used  as  a  substitute  for  oil  in  the 
safety  cylinder ;   for  this  would  again  give  rise  to  failure. 
Having  a  small  cake  of  the  hard  aiihydrate  of  baryteSy  supported 
by  a  pair  of  forceps,  alluw  tiie  fiame  gradually  to  act  upon  it, 
until  it  exhibits  after  fusion  the  deep  jet-black  substance  I  have 
before  alhided  to.    Then  while  it  is  hot,  rub  one  of  the  promi- 
nent points  of  this  black  substance  upon  the  sharpest  and  finest 
file,  previously  made  warui  before  the  fire,  taking  care  not  to  cut 
it  too  deep,  because  that  would  disclose  the  barytic  earth  yet 
remaining  below  the  part  which  has  been  fused.   The  metailic 
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lustre  ought  to  equal  that  which  is  presented  atter  filing  ttic  end 
gf  a  piece  of  iron  wire,  or  the  experiment  has  failed. 

It  nas  always  failed  whea  tbe  tuaed  barbies  leaves  tvacea  of  « 
white  powder  upon  the  hie. 

It  has,  moreover,  always  failed  when  the  fused  mass  exhibits 
'  Hie  slightest  degrae  of  traiwliKwncy ;  w  is  of  ^  gcey,  greeaiahj 
or  white  colour. 

.  It  has  always  failed  when  the  experiment  has  been  protracted 
beyond  the  pomt  at  which  the  metal  begins  to  fauni,  9M  b  dmi* 
pated  in  white  fiunes. 

To  all  thoee  gendemen  who  have  so  often  witaeseed  the  perv 
fed  metallic  appearance  of  the  nselled  harytes  in  mv  lecture 
foom  at  Cawin^e^  I  nay  now  appeal  for  the  truth  of  the 
leault;  being  veiy  easioiis  toat  others  should  also  witness  th# 
same  appearanoe,  to  whose  testimony  it  auiy  never  be  in  nqf 
power  to  appeal.  It  would  be  to  no  puipose  enummting 
me  names  of  those  who  hare  been  present  with  me  during  ray 
eq^iiments;  persons  not  only  of  this  University,  but  from 
various  parts  of  the  kingdom^  visiting  Cambridge,  have  satisfied 
tiiemsdves  ki  this  respect*  Upon  April  10,  1819,  there  were 
■eesent  for  this  purpose  from  Jjandouy  Mr.  W.  Hamlton,  Vader 
pecietarv  of  State ;  our  Envoy  to  Constantinople ;  Mr.  B,  Frer€$ 
his  brotber  Mr«  Serfmnt  Frere,  Master  of  Downing  College; 
Mr.  Meyer,  Consul  at  Corfu:  Mr.  Mackenzie,  of  the  Foareiga 
OlEce ;  and  sjso  Colonel  HeaJpu,  of  the  AitiUeiy ;  aU  wbopi^ 
independeally  of  those  whose  residence  heie  gives  them  moi? 
fim|uent  opportunities  of  being  present  at  troae  expesimenlei 
are  able  to  vouch  for  the  truth  of  the  statement  1  have  made, 
.  But  so  lately  as  the  25tb  of  April,  of  the  present  year,  Frof. 
Muller,  of  Copmh^^a^  together  with  seveml  gentkmen  of  tiiis 
University,  were  present  at  a  series  of  experiments  oondueted 
whh  the  sas  bhwpipe,  and  all  of  then^  witnessed  the  revivd  cf 
ihe  mtel  §f  harytes  by  meani  of  this  instrument*  The  experir 
inent  was  oondueted  as  before  described;  and  was  repeated  in 
tfieir  presence  ilways  mth  the  same  resolt.  Pf^.  Miiiltr  took 
away  witkUm  a  specimen  of  the  metal  so  revived ;  but  wludi 
of  course  would  speedi^  afterwards  be  again  converted  into  the 
Mate  of  an  oxide.  It  is  sufficient,  however,  to  observe,  that 
they  all  saw  it  in  the  metallic  stale*  If,  therefote,  the  experi- 
ments elsewhere  should  not  be  attended  with  the  same  results, 
ttie  oirpnmstanee  must  admit  of  this  obvious  inforence ;  that  the 
means  resorted  to,  and  the  manner  of  using  the  instrumenl^ 
have  not  been  made  adequate  to  the  end  proposed,  which  others 
wise  might  have  been  accomplished^ 

The  other  ohemioai  changes  which  bodies  undergo  when 
exposed  to  the  foU  powers  of  the  gas  blowpipe,  and  which 
appear  to  me  to  be  of  a  nature  sufficiently  remarkable  to  m^ril 
the  attffiotton  of  chemnts,  are  as  follow ; 
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1.  Rock  crystal,  or  any  other  highly  refractory  siliceous  or 
aluminous  substance,  beine^  allowed  to  fall  upon  a  deal  board, 
while  infusion,  and  there  left  to  become  cool,  exhibits  upon  the 
surface  that  came  into  contact  with  the  wood,  where  it  forms  a  . 
charcoal  cavity,  a  metallic  lustre,  equal  to  that  of  polished 
silver.  This  jnetallic  appearance  may  be  preserved  for  any 
length  of  time  unaltered.  Some  of  the  students  in  this  Univer- 
sity have  preserved  specimens  of  melted  rock  crystal  thus 
invested  by  a  seeining  mtalliQ  body>  the  nature  pf  wbipb  ift 
unknown.  •        '  ^ 

2.  White  opaque  quartz  melted  in  the  flame  of  the  gas  blowpipe 
becomes  so  highly  limpid  and  transparent,  that  after  fusion 
bas  all  the  appearance  of  rock  crystah    The  Pluionists  may, 
perhaps,  hence  infer,  that  the  transparency  of  rq.cA  crystal  ^ 
owing  to  the  heat  it  has  sustained. 

3.  The  varied  and  striking  colours  of  metallic  oxides  are 
surprizingly  developed  by  the  flame  of  this  blowpipe.  Among 
these,  one  of  the  must  striking  from  its  beauty  is  tne  intense  redj 
or  bright  purple,  colour  of  the  oxide  of  calcium,  as  displayed 
during  the  fusion  of  Iceland  spar,  it  is  a  colour  which  cannot 
easily  be  described  ;  being  much  more  vivid  and  striking  thaii 
the  colour  which  the  oxide  of  strontium  communicates  to  the 
same  flame,  and  of  a  livelier  hue.  Add  also  the  beautiful  rosy 
colour  of  the  oxide  of  gold ,  after  its  combustion  upon  pipe-clay  j 
the  deeper  purple  hue  of  the  compound  oxides  oj  gold  and  t%n^ 
when  the  alloy  obtained  from  the  precipitate  of  cassius  has  ,si^^r 
krly  sustained  combustion,  tbe  gjo^ea  colour  of  the  (jjf  rkfh 
dium,  &c.  8cc. 

4.  The  gaseous  fluid  which  escapes  during  the  fusion  of  pure 
silica,  has  never  been  collected,  and,  of  course,  remains  unknown, 

5.  The  dark  powder  dispe^rsed  during  the  combustion  ofplatu- 
7ntm.  requires  further  examination.  From  some  experiments 
made  with  this  substance,  of  which  I  before  pubu^hod  ,aa 
account,*  it  seems  to  be  the  protoxide  of  the  metal.  , 

6.  The  dark  sooty-looking  powder  that  remains  after  the  solu- 
tion of  crude  »/arzV/a  in  nitromuriatic  acid,  divested  of  all  metal- 
lic particles  which  may  remain  undissolved,  9iid  consisting 
essentially  of  the  oxides  of  iridium  and  osn^ium,  is  one  of  thp 
most  refractory  substances  that  have  been  exposed  to  the  gas 
blowpipe.  By  making  a  filter  which  was  invested  with  this 
powder  into  a  pellet,  and  exposing  it  upon  charcoal  to  the  full 
power  of  the  name^  I  8acce€4ea  in  imemng  it  into  a  brittle 
metallic  mass  mixed  with  a  deep  blue  ^lass^  'wbich  had  resulted 
•from  ihe  silicated  alkali  contaioied  in  we  p^per  of  the  filter, 

in  all  vegetable  bodies.  It  was  not  reaoeEed  malleable*  The 
surface  of  the  charcoal  during  this  experiment  was  covered  1vit|i 
in  oxide  of  a  dark  lilac  purple  hue. 
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7.  The  beautiful  iridescent  crystals  which  fbrm  in  the  aqueouB 
'  Solution  of  the  muriates  obtained  by  dissolving  crude  platina  iU 
niihHnuriatie  acid  ^  and  after  the  predpitation  of  platinum  by 
muriate  of  ammonia,  are  easily  reduced  to  the  metallic  state  upon 
charcoal  by  the  flame  of  the  gas  blowpipe.  The  metal  so 
obtttined  is  perfectly  malleable,  and  has  all  the  charactei^  of 
platinum:  excepting  that  it  is  almost  insoluble  in  nitromutiaXie 
acid,  even  when  this  acid  is  in  a  boiling  state ;  owibg,  probcibly, 
to  a  small  portion  of  iridium  with  which  iheplatnmm  is  con^ 
minated, 

8.  The  pr%imate  of  palladium  obtained  by  the  precipitation  of 
{his  metal  hyprussiate  of  itiercury,  may  be  decomposedy  and  the 
fVLve  palladium  revived  upon  charcoal,  with  all  the  whiteness  of 
silvefi  and  made  perfectly  maileable.  This  last  expemnent  with 
the  gas  blowpipe  is  remarkable  for  the  beautiful  Sapphire-blue 
tolour  with  which  the  iiame  is  tinged  during  the  revival  of  the 
palladiumi.  It  affords,  moreover,  one  of  the  easiest  processes  for 
i>btaiiiinff  small  specimens  of  pure  palladium  to  which  the  che* 
mist canliave  recourse.  All  that  is  necessaiy  is  briefly' this: 
IMssplve  crude /)/r7/2iia  in  nitromuriatic  acid;  evaporate  to  diy- 
liefiiB ;  add  distilled  water ;  precipitate  the  platinum  by  fMkrtate 
^'ammonia ;  filter  the  supernatant  solution  ;  precipitate  ;)rtissui to 
of  patiadium  by  pntssiate  of  mercury  y  and  collect  the  precipitate 
tipoQ  a  filter.  Now  make  this  filter  containing  the  precipi- 
tate into  a  peUety  and  expose  it  upon  charcoal  to  the  name  of 
the  gas  hhwvipe.  The  result  ^11  be  a  malleable  b^ad  of  the 
purest  pallaaium,  coated  over  with  blue  glass  from  the'  Meated 
alkaU  of  the  paper  filter,  which  separates  from  the  nsetalitpon 
tibe  ^firstUow  of  a  hammer.  Glass  will  also  appear  in  all  experi- 
ments for  the  revival  of  metals  where  filteis  have  been  thustnsed; 
It  is,  peihaps,  a  similar  result  to  the  ^ass  which  remains  after  the 
CiiNnbastioii  <^  bank-paper  notes. 

'  '  9;  The  revival  of  the  $alts  and  aandes  of  ihe  four  metal's  bbtained 
fi^m  la^nmemm'plaHnum:  namely,  iridium,  amium,  pal^idium, 
mi  fhadhtm,  whether  as  alloys,  or  as  pure  metals/  moti  some 
o!f  the  most  curidus.and  amusing  experiments'  wilii  th^'  gas 
hhtopipe*  The  last  experiment  with  these  metsdls  utrbich  I 
l»liall  now  describe  relates  to  the  revival  of  tkodium  ih>iii  its 
oxidei  as  obtained  in  the  following  manner :  After  the  «olu- 
tion  '  of  crude  platina  in  nitromuriatic  acid,  having  pred- 
pitiited  platinum  by  muriatt  of  ammonia,  and  pallamwn  by 
ptnadate  of  mercury ;  also  iron  hyprumate  of potass,  immlsrse  a 
clean  plate  of  xtncmto  the  filtered  liquor,  andf  leave  it  for  several 
hoora.  A  precipitate  will  fall  of  a  brownish-red  colotir,  which| 
when'dty»  is  black.  Before  the  gas  blowpipe,  the  filter,  con- 
talninjT  thicr  precipitate^  exhibits  a  sort  of  coruscation,  like  a 
little  firework ;  but  at  length  a  slag  will  remain  on  the  charcoal 
of  an  iron-brown  colour,  containing  within  it  a  bead  of  a  silvery^ 
white  metal.  This  metel  is  harder  than  wrought  Hon.   It  was 
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also  brittle.  I  endeavoured  to  dissolve  the  slag  contain ing  it  by 
"boiling  it  in  caustic  potass,  but  could  not  succeed.  Afterwards 
I  added  nitromuriaiic  acid,  and  having  evaporated  the  acid  to 
dryness,  there  remained  a  rose-cdloured  salt.  Still  the  bead  of 
metal  remained  chiefly  undissolved.  I  then  fused  it  with  mi" 
phur,  and  expelled  the  sulphur  on  charcoal  by  the  common  blow- 
pipe. Still  the  metal  was  brittle.  I  then  tried  to  cupel  it  upoix 
pipe-clay  with  borax;  it  was  infusible;  but  it  commuQicated  a 
oroton,  and  aft,erwards  a  biack  colour  to  the  borax ;  which 
the  hues  of  the  deutoxide  and  protoxide  of  rhodium.  The  metal 
abo  in  these  experiments  always  became  black  by  heat ;  whi^k 
is  another  character  of  rhodium*  By  mixing  together  dry  caustic 

'  potass  and  Wox^  in' eqtial  parts,  I  found  I  could  hold  it  m 
perfect  fusion  upon  charcoal  before  the  common  blowpipe^  and 
distinctly  discern  the  minatb  globules  of  metal  separating  in  the 
boiling  flux.  Still  the  result,  when  cold,  was  brittle,  and  qiiita 
black.    I  then  boiled  it  again  in  nitromuriatic  acid,  and  by  e\  a- 

.  poratron  to  dryness  had  a  beautiftil  rosy  muriate,  Aifterwards  I 
added  the  acid  once  more,  in  a  dilute  state,  with  common  saltl 
The.  rosy  soda  muriate  appeared  as  it  became  dry.  I  washed  the 
residue  repeatedly  with  alcohol,  and  dried  it.  Distilled  water 
was.th<^n  added,'  and  the  solution,  by  gentle  heat,  being  evapo* 

.  ratied'  to  dryness,  the  rosyHsoloured  ^tf-mtma^e '  appeared  as 
before;  but  in  less  Quantity.  These  experiments  were  con* 
ducted  upon  a  bead  or  metallic  rAoiitfim,  revived  firom'its  oxide  ^ 
before  the  mshhwpipe^  the  weight  of  which  originally  coiild  hardly ' 
laveequalted  l-l(fthofagrain.  WhenfheimifihaaDeea  obtained 
in  greater  quantitv,  ' nothing  more  is  necessary  for  its  revival, 
, .  dian  to  mix  it  witn  of7,  ana  expose  it  tpon  charcoal  before  the 
jpame,  which  should  be  knade  to  act  vertically  upon  the'a«jife  by 
means  of  bent  tube. 

The  experiment  is  beautiful,  owing  to  its  simplicity,  to  the 
fiu^ility  with  which  it  may  be  conducted,  and  to  the  curious 
result  which  follows  it ;  namely;  the  revival  of  metallic  rhodium, 
exhibiting  all  the  whiteness  and  lustre  of  the  purest  silver,  and 
being  perfectly  [malleable.  This  experiment  was  attended  with 
more  than  usual  success  on  Satumay,  May  12,  when  it  was 
publicly  performed  in  my  lecture  room  in  Cambridge.  The 
black  oxide  of  rhodium^  precipitated  from  its  solution  by  zinc, 
was  mixed  in  the  form  of  powder  with  oil,  and  exposed,  upon 
charcoal f  to  the  dame  of  the  gas  blowpipe,  it  was  first  melted 
into  a  black  slao^ ;  then  mto  a  brittle  white  reguluf?,  which,  by 
continuance  of  the  heat,  became  a  bead  of  metal  as  white  as  the 
purest  silver.  It  then  began  to  hum,  like  platinum,  with  sciu^ 
tillation ;  and  the  flame  of  the  burning  metal  was  tinged  with  a 
fine  emerald-green  colour;  proving  that  one  of  the  oxides  of 
rhoduiiu  may  have  tlie  same  hue.  The  bead  of  metal  was  then 
placed  upon  an  anvil,  where  it  sustained  the  shocks  of  a  large 
.hammer  ^ and, was  finaUy  extended  and  datteued  m  its  form,  it 
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is,  therefore,  evident  that  r^of//um  may  be  roUed  and  saadLe  into 
foil  like  platinum.   But  there  is  one  curious  circumstance  wliicii, 
will  render  it  always  brittle.    If  a  quantity  of  the  $oda~mu7^ate 
be  mixed  with  the  black  oxide,  a  regulus  may  be  revived  ;  but 
no  degree  of  heat^  nor  any  repetition  of  fusion,  will  render  it 
malleable.    A  portion  of  it  will  then  always  be  converted  into 
glass^  and  it  will  exhibit  a  granular  texture,  depriving  it  of  maJU 
lability.    Nor  is  the  soda-muriate  itself  so  hkely  to  be  revived 
in  a  malleaU^  state  ss  the  black  woide  of  th^  wetalt  whiqii  nmvew 
fidls. 

.  10.  The  bar4  carbonate  of  magmw  from  the  East  Indies^ 
d^s^bed  by  Dr.  Henry,  in  a  late  nuiDbePof  the  Amahf^  S^M^ 
hwphff^  ftased before  the  gas  blowpipeiato  a  vhiti^  eomm,  com- 
municates a  purple  colour  to  the  mune* 

)U  A  femarkable  differenoe  Biay  be  obsmred  in  the  fusion  of 
the  several  crystallized  and  amoiphous  vaiietiesof  thepbosphateai 
of  hme.  Some,  like  the  white  opaque  apatite,  fioin  Meifoas&iwv^ 
ftising  into  a  jet-black  doss  which  is  laagnetic;  others^  as  the 
conchoidal  apatite  of  Modum,  in  Norway,  and  the  eaiiiiy  aputtite 
of  S^remadoura,  fiising  into  greenish  and  limpid  glasses,  whioh 
haye  no  magnetic  properties. 

To  conclude  all  these  observations  upon  the  ga$  blowpipe,  it 
imll  b^  useful  to  some  of  your  resders  to  be  informed  of  the  be»t 
n^ethod  of  preserving  the  bladders  employed,  for  contaming  th* 

f'  pseoua  mixture ;  because  it  is  difficult  to  meet  with  very  lai^e 
ladders,  and  they  are  soon  rendered  unfit  for  use  without  tSo 
following  preoautiOB.  Let  them  be  kept  carefid)y  nibbed  ow 
Vjrith  oil,  an4  distended  with  common  aur^  when  not  wanted  ftor 
experiments.  By  attending  to  this  mode  of  preserving  them» 
we  haye  found  that  the  same  bladder  may  be  made  to  last  in 
constant  use  for  theffa<  blowpipe,  upwards  of  two  years»  witliout 
becoming  porous,  which  so  frequently  happens  where  the  oil  has 
npt  beeA  appliedj  in  consequence  of  the  attacks  of  insects. 

Ebwaro  Daniel  C|.a£K£. 


Reply  to  Dr.  YeUoly^s  Remarks  on  the  Estimate  of  Mortality 
from  the  Operation  of  IMhotomy.   By  W.  Prout^  MD.  FRfi. 

(To  the  Editor  of  the  Annals  of  Fhilosopky.)  ^ 

DEAR  SIR,  '  Matj  9,  I82I. 

In  reply  to  Dx»  Yelloly's  remarks  on  my  estimate  of  morta- 
lity from  the  operation  of  lithotomy  in  y(3iir  last  numbci',  I  bei^ 
leave  to  observe  that  the  adoption  of  the  ratio  alluded  to  is  nut 
the  result  of  iuadvcrtcncy,  but  de&iga.   My  object  ib  to  give,  a 
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IBMBn  wkixhi  in  the  prctedt  fmored  state  ef  surgery  sliall  Me- 
raUjr  well  sfive  for  the  whole  IdDfldmo*  Hie  data  we  posseyia 
ase  dbvioul^  too  imperfeet  to  aomit  of  ihia  being  done  witli 
^nch  piecisioiiy  and  tiie  ratio,  actually  deduciUe  firom  them  (vii^ 
1  in  about  6^)  seems,  whoi  all  the  cmmmstances  are  duly  coa* 
sideredi  to  exceed  die  truth.  On  the  other  hand,  the  ratio 
deiducihle  on  general  prindpkB  fipom  the  same  data,  thou^ 
of  course  not  neoessariiy  more  correct  than  the  actual  one,  hap- 
pens to  coincide  asoie  neaity  with  my  nears;  *henoe  (and  as  I 
am  also  reasoning  generally),  I  give  it  the  preference** 

The  drcomatanoe  irinen-fen&a  the  date  in  question  particu- 
larly defective  is  their  not  including  die  metropolis,  where, 
accorjiiig  to  Mr.  Smith's  estimate,  two-fifths  of  the  whole  num- 
ber of  operations  in  the  kingdom  are  performed.  We  have  no 
means  or  obtaining  correct  information  on  this  point,  which  is 
much  to  be  regretted,  but  when  we  take  into  account  the 
acknowledged  skill  of  our  surgeons,  and  the  fact  that  nearly 
one-half  of  the  above  proportion  of  cases  are  private,  in  which 
of  course  every  eircumstance  that  united  extraordinary  skill  and 
attention  can  aevise  to  ensure  success  is  attended  to,  we  cannot 
hesitate,  I  think,  to  draw  the  conclusion,  that  the  rate  of  morta- 
lity is  as  favourable,  if  not  more  so,  in  London,  as  in  any  part 
of  the  country.  This  circumstance,  if  admitted,  will  tend  to 
•diminish  considerably  the  general  ratio  of  mortality ;  perhaps, 
reduce  it  to  1  in  7,  or  upwards,  even  according  to  the  usucd 
mode  of  estimation  by  taking  the  average  of  a  number  of  past 
years.  But  this  mode  of  estimation  is  not  exactly  applicable  to 
my  purpose.  I  wish  to  represent  the  rate  of  mortality  as  it  exists 
at  this  time,  when  I  am  willing  to  beheve  the  surgical  art  is  more 
perfect  than  at  any  former  period  :  this,  if  admitted,  will  allow 
a  still  further  reduction  in  the  rate  of  mortality  ;  so  that  upon  th^ 
whole,  I  trust  the  ratio  given  does  not  much  exceed  the  truth; 
and  if  it  does,  I  acknowledge  that  I  feel  much  less  regret  in  fall- 
ing into  an  error  on  this  side  of  the  question  than  the  other.f 

ouch  are  the  principal  reasons  which  induce  me  to  prefer  the 
general  ratio  I  nave  given  to  that  actually  resulting  from  my 
imperfect  data.  I  do  not  mean  to  assert  that  they  are  absolutely 
conclusive,  but,  on  the  contrary,  willingly  admit  that  there  is 
room  for  diversity  of  opinion  on  the  subject.  Every  one,  there- 
fore, must  46cide  for  hunself. 

•  •     •  * 

*  Meant,  generally  speaking,  are  correct  in  proportion  to  the  number  of  obterra- 
fions.  Thus,  ft'om  the  multiplied  observations  of  the  Bristol  data.,  the  mean  deduced 
on  general  principles  difieis  very  little  from  the  actual  mean,  Uiough  ^uth  are  evidently 
very  far  \tmw  tnc  gcnenl  rneaa  as  anplicaUe  to  dw  whole  idn^om.  On  the  odick 
hand,  the  mean,  as  deduced  in  gencna  pdndples  from  the  Norfolk  data,  happenii  to 
conHiderably  exceed  the  actual  mean,  Uie  periods  of  observation  being  only  two  (viz. 
icfore  and  ajier  puberty).  This  error  in  eK€eu,  however,  though  of  a  diiierent  kind, 
jierves,  in  the  final  genenfizatioB,  to  eonnteract  the  error  of  Mdeney  in  the  Bristol  ^bta. 

^  Br.  3IarcL't  c^uniaics  the  mortality  in  Guy's  Hospital  at  ahont  1  in  7.  Mr.  Hae- 
tincnu,  of  Norwich,  has,  I  understand,  during  the  last  17  yOBS}  paftmiad  t|ie  opaialWIil 
times  with  the  loss  of  only  iwo  patumto. 
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'  VttfUk^  tbe^nttuumv  tmtare  of  my  IHUe  ''vblaine  tte'iftldTb  lia$ 
Veen  oantfod,  as  weH  as  a  great  deal  m6I^s  on  some  other-^diBfla, 
which  I  fear  will  in  consequence  be  liable  to  be  tansoh^erstcM; 
f  hope,  however,  to  have  it  iainy {towcfr'to  obyiate  this  objection 
at  no  Yeiy  remote  period;'  I  am^  yonrs  truly, 

William  Pboi^t. 


AUTICLE  V.  .  ' 

Ujyon  a  new  Ilt/dro-Pneumatic  Blowpipe,  so  constructed  as  to 
maintain  during  two  Hours,  uninterruptedly ,  a  Degree  of  Heat 
capable  of  melttng  Platinum  ;  and  this  hij  propeUingthe  Flame 
of  a  small  Wax  Taper  ivith  Atmospheric  Air^  By  Edward 
Daniel  Clarke,  LLD.  Professor  of  Mineralogy  in  the  Univer- 
pify  of  Cambridge,  Member  of  the  Royai  Academy  of 
bcieuces  at  Berlia,  &c.  &c. 

(To  the  Editor  of  the  AnnaU  of  Philosophy,) 

'    SIR,  *  Citii9brUge,  Mafl6,l8ah^ 

To  the  variotis  successive  improvements  which  the  htotopipe 
has  received,  we  may  now  apparently  add  another,  prissessed 
of  considerable  advantages  : — I  allnde  to  that  form  of  the  nistru- 
ment  wherein  the  air  is  propeUed  from  a  jet  by  the  pressure  of  a 
quantity  of  water;  this  being  the  kind  of  ohwpipe  oa  whigh 
ibese  improvements  are  fomided. 

The  advantages  of  the  old  mstmment  consisted  in  the  opera- 
tor having  both  his  hands  at  liberty  ;  and  in  the  rehef  which  it 
afforded  from  that  fatigue  and  possibihty  of  injury  to  the  iungs 
incident  to  a  protracted  restraint  on  then-  free  action,  to  which 
persons  using  the  common  mouth  blowpipe  were  liable.  To 
these  advantages,  which  the  new  instrument  also  possesses,  we 
may  add  the  following  : 

1 .  Either  common  air,  or  any  other  gaseous  fluid  may  be  used 
for  the  propelling  current,  by  condensing  itin  the  reservoir,  and 
thus  expenments  may  be  made  on  the  rasing  powers  of  the  dif- 
ferent gases  with  peitect  ease  and  -iconrenience. 

2.  The  power  of  entire  exhaustion  possessed  by  the  new 
instrument,  ensures  the  operator  from  any  admixture  of  commoin 
air,  where  oxygen  gas,  or  any  other  gaseous  fluid  is  to  be 
employed.  ' 

3 .  The  old  instrument,  although  very  useful  for  bending  tubes, 
or  other  ordinary  purposes,  teqmred  to  be  repeatedly  restored  tb 
action  by  fresh  supplies  of  air,  at  intervals  seldom  exceeding  five 
minutes,  ill  the  oomm^m'Hsized  instruments.  In  the  new  instini' 
ment  there  is  tiiis'  gr^at  improvenleut;  that  a  steady  flame  of 
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tyVQ  bO!^.  <X)9iftilHi^^  my  l?e  maintained^  of  1^9Ji¥^t  peifect 
fllii^pe  and  i^ifocm  tefflpcratw^n  uninterrupted  by  casual  cmr^ts 
fropi  the  pmBuiiiatic  les^oir* '     .  '    • ,  . 
.  4.  The  troublesome  inten^p^ioiui  ^se4  by  tbe.  ej^ption  4^, 
water,  while  supplying  the  apparatus  with  air^  which  wer^  Qopi-; 
mon  in  the  old  instnu^ent,  do  not  happen  in  the  new  .0|ie«  . 

'  5.  The  new  instnunentnmy.remainunemployedforany  len^ 
of  time,  being  always  ready  for  instantaneous  use,  and  requiring 
no  other  preparation  tkhmi  merely  that  of  lighting  the  wax  taper^ 
eim»loyea  to  supply  the  flame.  '  • 

The  manner  m  which  this  instrument  was  broudit  to  its  pre- 
sent state  of  perfection,  affords  an  anecdote  whii^  may  not  be 
uninteresting  to  your  readers ;  because  it  will  sh^w  the  forc^.  ef 
mechanical  skill  as  it  is  sometimes  rec^rkably  conspicuous 
uneducated  nunds.  A  servant  of  mine,  whp  Kas  beenTreqiienilj, 
employed  in  attendance  during  my  lectures  in  niinei:alQgy,'^Be.e-^ 
ing  me  reject  the  old  instrument  as  unfit  for  the  uses  to  whid^  t 
wished  to  apply  it,  asked  me  the  reason  of  my  setting  it  aside,. 
To  this  I  answered  that  the  short  space  of  time  in  which  it  con- 
tinned  to  propel  the  flame  rendered  it  inconvenient ;  and  that  I 
would  rather  use  the  common  mouth  blowpipe  th^  be  liable  fo 
such  frequent  interruption  from  the  necessity  of  supplying  it 
every  five  minutes  witn  fresh  air.  This  caused  him  to  inspect 
the  inside  of  the  instrument ;  when  he  simply  observed,  Jt  is 
verij  awkwardly  contrived;  I  coyld  make  a  better  myself  l^^  and 
in  good  earnest,  without  furt*her  communication  with  me  upon 
the  subject,  he  fell  to  work,  and  produced  the  new  improved 
apparatus,  which  it  is  my  present  purpose  to  describe,  and  to. 
make  as  generally  known  as  possible.  The  inventor's  name  is' 
Johnson  Tofts,  Upon  the  pnnciple  which  he  has  adopted  for 
the  improvement  of  his  blowpipe,  such  instruments  are  now 
manufactured  in  London.  By  means  of  one  of  these  instru- 
ments, gold  might  be  exhibited  ii^  a  state  ,  coi^tinual  fusioA. 
for  almost  any  length  of  time.  ^ 

A.  trial  has  been  made  of  the  use  and  powers  of  this  improved 
blowpipe  throughout  an  entire  course  of  public  lectures  in  mine- 
ralogy before  the  University,  with  such  success,  as  to  produce 
sufficient  proof  of  its  convenience  and  efficacy.  The  effects 
witnessed  when  oxygen  gas  was  employed  exceeded  those 
usually  produced  by  the  same  agent  from  a  gasometer;  owing  to 
the  condensed  state  in  which  the  gas  was  propelled  ;  while  the 
cone  of  flame  was  much  more  manageable,  rlatinum  wire  of 
some  thickness  was  fused ;  platinum  foil  offered  no  resistance 
whatever.  The  steel  mainspring  of  a  watch  underwent  brilliant 
combustion;  and  even  when  the  instrument  is  charged  with 
common  atmospheric  air,  thin  cuttings  of  platinum  foil  sustain 
an  instantaneous  fusion. 

Had  we  possessed  this  apparatus  before  the  gas  blowpipe  was 
invented,  many  of  the  results  obtained  by  that  powerful  instru* 
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ment  would  kare  been  anticipated.    It  is  not  to  be  eispeeted, 
however,  that  the  fusing  powers  of  the  two  blowpipes  can  be 
compared  together ;  but  from  the  safety  of  Toft'x  blowpipe,  a- 
child  may  use  it  \  whereas  the  other  would  be  mdeed  a  danger- 
ous toy. 

In  the  old  appaiatus,  when  the  instru- 
ment is  chargecl,  the  space  E  C  G  H  is 
occupied  by  air,  and  the  water  rises  to  the 
clotted  line  C  D.  VVlien  it  has  beeri  kept 
in  action  until  the  water  has  its  surface 
at  the  dotted  line  A  B,  the  action  ceases, 
and  the  space  E  A  F  C  must  always  remain 
filled  with  common  air. 

In  the  improved  liydro-pnernnatic  appa- 
ratus, which  I  have  called  TojVs  blowj^tpef 
when  the  instrument  has  been 
charged  for  use,  P  P  is  filled 
with  air,  and  the  water  remains 
entirely  above  it  in  the  vessel 
Q,  whence  it  will  descend  thruiigh 
tne  cylinder  O  E  so  long  as  any 
air  shall  remain  in  the  reservoir 
P  P,  and  the  water  will  entirely 
fill  this  reservoir ;  so  that  what- 
ever air  it  may  be  desirable  next 
to  introduce  will  again  displace 

the  water^  and  drive  it  up  to  Q  without  admiituie  of  conmioii 
air. 

All  gases  are  introduced  by  means  of  a  bladder  and  a  condeni^ 
ing  syringe,  ^vhich  screws  on  to  the  stop*cdck  F.  Aud  it  hftd' 
been  found  better  to  introduce  atmospheric  air  wath  a  syringe" 
than  to  fill  the  reservoir  with  air  from  the  lungs  ;  also  to  tvi^ppif 
tlie  macMue  with  water,  or  to  remotre  it  bj  means  of  a  Common 
siphon. 

'  The  instrument  is  so  simple  that  a  more  minute  description  of  it 
is  unnecessary.  Upon  these  principles  it  is  manufactared  and  sold 
by  Mr.  Nettman,  maker  of  philosophical  apparatas^  in  Lisle- 
itreet,  Leicester-square.  The  usual  size'  rf  one  of  these  blow- 
pipes is  two  feet  high,  two  feet  long»  and  five  inch^  wide. 
Xhcy  are  made  either  of  copper  or  thi^  and  endosed  iki  a  woodai' 
ease^  which  serves  as  a  table,  and  a  rest  for  iJte  arms ;  the  war 
taper*  being  sunk  into  a  cylinder  at  X,  is  elevated  or  depressed' 
by  means  of  a  screw  and  a  rack.  But  a  stationaty  spint-Iamp, 
if  it  should  be  preferred,  may  be  fixed  in  the  saniei^ace.- 

I  reuain.  Sir;  yours,  &:c. 

Edwabd  Daki bl  Clabke. 


19  Incf$f$, 
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Article  VI* 

Off  Oil  and  Coal  Gas* 
(Jo  the  Editor  of  the  Anmls  of  Fhtlosophj/.)  , 

D£AR  sir,  Sheffield,  Map  19,  1881, 

I  HOPE  you  will  indulge  we  with  the  insertion  of  a  short  reply 
€o  Mr.  Ricardo's  paper  ou  Od  and  Coal  Gas,  which  appeared  in 
your  last  Number.  1  would  not  have  troubled  you  w  ith  a  second 
paper  on  this  subject,  had  I  not  thought  it  a  duty  impoi^ed  upon 
me  to  conect  the  erroneous  statement  which  Mr.  made  in  the 
^ostdcti^t  to  his  laat  paper  respecting  the  price  of  coai  gas  ia 

If  I  had  allowed  his  remarks  to  have  passed  unnoticed,  he  and 
your  readers  would  be  justified  in  drawing  tiie  conclusion,  that 
my  first  paper  was  incorrect,  and  that  the  consumers  of  gas  in 
Sheffield  were  imposed  upon  by  the  Gas  Light  Company,  by 
paying  a  much  higher  price  for  g^s  than  wEat  the  CompaD|' 
professed  to  charge  them. 

Mr.  R.'s  first  paper  has  been  so  completely  answered,  respect^ 
ing  the  cbmparative  illluhinating  power  of  the  two  ^asea  in 
question,  by  Mr.  Lowe,  of  Derby,  in  the  PhilosophiccS  Maga- 
^ne  for  the  last  month,  that  any  farther  remafka  pn  that  hmH 
arc  rendered  unnecessary. 

Mr.  R.  still  persists  in  hisassertioiithatthe  London  Chartered 
Company  possess  advantages  toperior  to  anj  other,  although 
they  Obly  divide  8  percent,  and  yet  otherOompailtes  have  divided 
10  peir  cent.  The  Sheffield  Gas  Works  are  generally  allowed  to 
well  built,  and  as  completely  and  coiiTeniently  fitted  vp,  it^ 
fliose  of  any  oUier  place  ;  therefore,  we  may  fairfy  preaoHke  thai 
the  capital  employed  in  the  buildings,  &c.  wiU  be  nearly  upen  at 
with  that  of  the  Chastened  Con^any,  in  proportion  to  dM 
size  of  the  wockft  and  the  quantity  of  gas  required.  To  wtuA 
then  must  tiie  admnta^es  be  attributed  in  those  o/ac€«  (for  einevy 
otie,  except  Mr.  R.  I  tnink,  will  afiqw  that  they  nave  real  advian* 
tages)  where  the  Companies  make  greater  pr^is,  and  se&  tiieir 

r\  cheaper  than  at  the  Chartered  Company's  Works !  It  mmt 
either  owing  to  superior  management,  and  the  economy  used 
in  that  management,  or  to  the  cheapness  ojf  the  destroclibld 
Mides  Oretorts,  coal»  &c.)  used  in  the  manu&cturing  of  gas. 
As'Hr.  R.  is  not  wffling  to  allow  that  the  cheapness  of  <^al» 
labour,  &c.  is  of  much  benefit  to  a  gas  light  manufactom 
though  I  entirely  differ  with  him  on  that  jioint,  it  must  be  m  mk 
economical  manaacinent  that  some  proviticiid  towns  have  the 
advantage  over  the  Chartered  Company.   Perhaps  Mr.  R.  wiU 
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*  not  be  willing  to  allow  this  poiut.    However,  certain  it  is,  that 
several  Gas  Light  Companies  have  advantages  which  tlie  Char- 

'  tered  Company  has  not,  or  they  could  not  make  greater  dividends, 
and  sell  their  iras  for  a  im  price.    I  adiuit  that  it  is  one  great 
advantage  to  a  Gas  Light  Company  to  have  the  greatest  number 
of  fights  in  the  smallest  con^jass  ;  but  1  have  been  informed  by 
an  af)/e  and  erpcncuri  d  tuguieer,  that  the  expense  of  the  main 
pipes  in  Londuu  is  as  great  upon  the  average,  for  the  same  num- 
Der  of  lights  upon  them,  as  in  most  of  the  large  country  towns. 
In  calculating  tlic  price  of  gas  from  the  rate  cards  of  the  dirier- 
ent  towns,  Mr.  K.  aissumes  that  all  burners  denominated  No.  3, 
Argand,  are  of  the  same  size,  and  consume  the  same  quantity 
of  gas.    From  this  supposition  arisen  ,  m  a  great  measure,  the 
erroneous  stateuient  in  his  last  paper  respecting  the  price  of 
gas  in  Sheffield.    The  No.  1,  Argand,  used  in  Sheffield,  con- 
sumes three  cubic  feet  per  hour,  by  Mr.  Cleg's,  meter;  the 
No.  2  consumes  44-  cubic  feet  per  hour  j  and  the  No.  3  con  sum  us 
six  cubic  feet  per  hour.    1  have  seen  a  No.  3,  Argaiid,  from 
Birmingham,  tried  by  the  same  n^  ter  agrainst  a  No.  2,  Argand,  ! 
such  as  are  used  in  Slieffield,  and  the  ditierence  iu  the  quantity  j 
of  p:as  coniiumed  by  the  two  burners  was  only  half  a  cubic  foot 
per  hour.    I  likewise,  by  the  same  meter,  have  seen  a  No.  3,  I 
Argand,  with  24  jets,  consume  seven  feet  per  hour.    Very  few  1 
No.  3,  Argand  burners,  are  used  in  Sheffield,  owing  to  the 
No.  2  beinjj;  considered  nearly  equal  to  the  No.  3,  in  other  I 
places.    The  avert) time  of  lighting  through  the  year  cannot 
be  calculated  at  a  later  hour  tban  six  o'clock,  as  that  is  the 
average  time  of  the  setting  of  the  sun;  and  we  may  frequently  i 
see  the  shops  lighted  up  in  winter  an  hour  before  the  time  of  ! 
sunset.    Mr.  R.  only  calculates  3^  hours'  burning,  till  10  o'clock, 
which  is  certainly  half  an  hour  at  least  too  little.   Thfi  Sheffi^d 
card  is  calculated  from  six  o'clock  upon  the  average  ;. and  aft  i 
the  No.  3^  Argand,  consumes  six  feet  per  hour ;  in  313  aTenings 

.  till  eight  o'clock  it  will  oonsume  3756  cubic  feet  of  gqai,  whioi 
at  12f  •  per  1000 /ee^  immnU  to  2L  6s.  O^d. :  the  chai^.  Ja  tbe 
rate  card  is  21.  5s,  per  annum,  and  yet  Mr.  R.  by  bis m^nious 
mode  of  calculation,  sa^s,  that  the  cost  price  of  m  m.&neffietd 
is  175.  per  1000  feet.  The  charge  for  the  same  burner  till  nine 
o'dodL  is  3i.  9$,  and  till  10  o'clock,  41.  I3s.;  the  last  two 
charges  are  rather  more  than  at  the  rate  of  12«.  per  lOQO.feet; 
but  n  the  rental  amowit  to  20/.  a  discount  of  io  per  cent,  is 
allowed^  which  reduces  the  gas  to  leas  than  IQn.  per  1000  feet. 
In^  manufactories  where  the  meter  is  used,  the  regular  ohtige  is 
129.  per  1000  feeti  with  a  discount  of  from  5  to  20  per  cent,  in 
proportion  to  the  rental^  but  all  rentals  of  or  thtwfi  201  -  are 
aUowed  20  per  cent.  I  am  informed  Ihat  the  mmnal  mtak  for 
gas  in  aeveral  of  the  silver-plated  manu&otorieB  are  50/.  and 

Qpw^td^*  Oas  is  fiiund  to  be  so  much  superior  to  oil  for  solder- 
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Img  tiker^flittdl  godds,  that  k  is  generally  «sed  for  tkat  purpfoie 
those  mHvmamufiwitoiiet  nvheie  it  is  introduced. 
'1  irope  tlM«  uplanation  will  convince  your  readers  that  my 
tet«(«tani0iii-«isBOI  floincomet  as  Mr/R,  wished  to  make  it 
'  9Bjfifmt:  I  fwoain^  yoiira  mpectfttUy, 

A  SuBSCBIBBfi. 


Article  VII. 


'  Researches  on  ike  Coinposition.  of  the  Pntssiates,  or  Jerrugimus 

Hifdrocjfanates,    By  J.  Berzeiius. 

(Continued  from  ^.  306.) 

In  Older  to  oxaaune  whether,  in  these  experiments,  the 
'  MHi&ntiig  bases'be  in  the  state  of  common  caihonate,  I  heated  a 

*  MiijUsineiW  carbonate  of -potash  with  six  times  its  weight  of  oxide 
^  copper  in  a  proper  apparatus  for  receiving  the  ^as  that  might 

'  Wdisengaged.   As  soon  as  the  mixture  had  aoqmred  a  red  beat, 

*  carbonic  acid  gas  began  to  be  given  off|  and  continued  for  more 
'than  half  an  hour.    Thus  the  oxide  of  copper  has  the  pro^>ertY  of 
expelling  the  carbonic  acid  at  a  high  temperature,  and  of  forming 
a  kind  ot'double  salt  ,  iu  which  it  is  to  be  presumed  that  oiie-fourtli 

:  of  the  potash  i.s  cambiacd  with  the  oxide  of  copper,  and  t  hree- 

*  fourths  with  the  carbonic  acid.  This  salt  is  decoiajiosed  in  tlio 
humid  way,  the  water  seizes  a  uiixtuie  of  caustic  potash,  and 

-  carbonate  of  potash,  and  the  oxide  of  copper  remains  undissolved. 
This  last  phenomenon  also  ensues  when  oxide  of  copper  is  dis- 

*  solved  in  hydrate  of  ])otash  by  igneous  fusion.  The  compound, 
which  in  the  liquid  btate  is  traas[>iirent,  and  of  a  yellow  colour, 
is  decomposed  by  water,  which  takes  the  potash,  without,  at  the 
same  time,  dissolving  the  oxide  of  copper,  witli  which  it  was 
leombined. 

it  was  necessary,  therefore,  in  order  to  obtain  a  more  decisive 
result,  to  analyze  a  ferruginous  prussiate  whose  base  is  inccipable 

-  of  retainuig  the  carbonic  acid,  and  1  chose  for  this  purpose  that 

*  of  lead. 

12*36  grains  of  pmssiatc  of  lead  were  mixed  with  308-8  grains 
ol  oxide  of  copper  obtained  by  calcining  copper  in  a  cupel- 
ling iumace.  The  gas  was  collected  over  mercury  in  a 
graduated  receiver,  in  which  it  could  be  accurately  measured. 
To  determine  with  the  greatest  possible  accuracy,  the  relative 
volume  of  carbonic  acid  gas  to  that  of  the  aaiOto»  a  portion  of  the 
gas  collected  towards  the  end  of  theoperation^and  consequentif 
me  from  atmoaplieric  air,  was  examined  aeparatiely;  .  136  mea- 

Hem  Series,  vol.  i.  2  b 
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,  sures  pkced  in  contact  with  caustic  potash  were  reduced  to  45*4 
measures;  but  45*4  x  3  =  136*2;  which  gives,  as  exactly  as 
can  be  expected  in  experiments  of  this  nature,  two  volumes  of 
.  carbonic  acid  gas  for  one  of  azote.  Thus  this  experiment  proves 
that  the  carbon  and  the  azote,  in  these  salts,  are  in  the  same 
proportions  as  in  cyanogen.  No  water  was  formed,  except  a 
slight  and  unimportant  trace  of  moisture.*  The  whole  quantity 
of  gas  obtained  consisted  of  102  volumes  of  carbonic  acid  and  51 
of  azote  ;  the  former  weiglied  3*1  grains,  and  the  azote  0*99  gr. 
ivhicli  give  for  100  parts  of  salt,  li-Uo  of  carbon,  and  12*84  of 
azote  ;  or  together,  23*89  of  cyanogen.  This  quantity,  added 
to  the  other  element  of  the  salt  employed^  exceeds  its  weight  by 
^'19,  if  the  bases  exist  in  it  in  the  state  pf  oxide^  imt  if  the 
prassiate  be  composed  of  one  atom  of  cyannret  of  iron  with  two 
atoms  of  cyanuret  of  lead,  the  sum  of  the  cyanogen,  iron,  and 
lead,  obtained,  gives  almost  exactly  its  weight. 

It  appeared  to  me  very  easy  to  verify  this  idea  by  acting  on 
Ahe  ferruginous  prussiate  of  kiad  by  sid^wetted  hydcogea  .gas : 
.18*84  grains  of  the  anhydrous  salt  weie  introduced  hnto  aamll 
.weight  glass  baU,  blown  the  lamp.'  I  caused  a  cuirentsi^f 
>«ulj^iiretted  hydrogen  gas  to  pass  through  the  hail,  which,  on 
iqiuttins  it,  traTersed  a  tube  filled  with  mnriate  of  liioEie.  Whiie 
odd,  me  pruaaiate  of  lead  was  not  altered  by  the  gas,  hot  m 
heating  the  badl  by  a  spirit-lamp,  it  was  immediately  bfaMdeepied, 
and  hydrocyanic  acid  evaporated  with  the  suj^huBel&dhyjbqipn 
tfiat  passed  off  in  excess.  No  trace  of  moistaie  was  pesoeinsd 
.  dttring  the  operation,  not  even  when  the  mass  in  lihe  bdi  was 
jredp-hot  in  the  sulphiifetted  hydrogen  gas.  The  reinafaung  mass 
wei^ied  17*06  gnu  andwastcomposed  of  sdpbDretefiron,atlike 
imnimiun,  uid  snLdinret  of  lead.  The  tube  contaiaing  Ae 
amriate  of  lime  had  only  gained  0*0077  of  a  grain  in  Weight,  a 
part  of  which  was  sulphur.  Thus  this  experiment  pioyes  that  in 
the  anhydrous  ferruginous  prussiate  of  lead  the  metals  are  not  in 
the  state  of  oxide ;  for  even  if  we  suppose  in  this  experiment  that 
no  water  is  obtained,  in  consequence  of  the  sulphur  seizing  the 
oxygen  of  the  metallic  oxides,  the  sulphuric  acid,  so  produced, 
ought  to  have  combined  with  a  part  of  the  oxides,  and  have  occa- 
sioned a  much  more  considerable  increase  of  weight  than  was 
obtained  in  the  experiment ;  on  the  other  hand,  if  the  salt  be 
really  composed  of  one  atom  of  cyanuret  of  iron  with  two  atoms 
of  cyanuret  of  lead,  its  decomposition  by  sulphuretted  hydrogen 
should  give  for  18-84  grains  of  metallic  cyan  met,  17  grains  of 
sulphuret ;  which  agrees,  as  nearly  as  possible,  with  the  result 
of  the  ej^periment*   The  composition  then  will  be 
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According  to  experiment.  According  to  calculation.'* 

Iron   8-81    8-68    678-43 

.Xead  .  ...^w.--.          66-91    66-18   bmm 

Oarboa. •* «•  11*05  11*551  ]'96742 

*.A»ot»k  m^m^^m^,         ,  12*84  13*59/ 

98  61   "       100*00      .  7823*95 

*  Thus  the*re8fdt  of  antl^rsis  approaches  that  hy  oalcnktidi|ita 
'mar  as  eati  be  expected  in  an  operatim^  of  so  ^compticat^  a 
mtfife* 

tf  we  apply      to  the  salt  widi  base  of  mtasU^  vr^^Qt.  tbe 
HTcUowitig  resmt :  Uie  relation  of  dbtt  volume  of  the  carbonic  «cid 
ffaa,  fbnnd  by  experiment,  was  to  that  of  the  axote  lis  •S  :  2,  feoid 
.B»  weight  of  the  caibome  add  gas  obtaiiaed>.lroiii  7*72  ^grs.'  of 
-nrait  was  4*13  grs. :  if  we  add  <me*4hifd  ikm  t|[«amti^-4ieceainuy 
to  make  the  Tolome  of  cerbomc  acid  tmce  that  of  tlie  asote,  the 
'freight  of  the  carbonic  acid  wiH  be  taihetmort  than:^*5  grains,  . 

11  for  100  grains  of  the  salt;  but  if  the  lemiginotis  prussiate 
of  potash  be  composed  of  one  atom  of  cyanoret  of  iron  and  two 
-Qftoms^oyannret  of  potassium,  lOO^^rs.  wfll  ^ve  HtlO  '^*  of 
carbonic  add  ga«,  a  difference  within  Ihe  limits  oflnufccurate 
^obsernttkm. 

T9ie  composilnon  of  lUs  pnissiatey  in  fiie  staie  of  <vysti^;x»I« 
^estoted  after  the  Ibnnida,  ^Fe  Cy^  4-  2  KCy  +  ^'Aq,  gives 
'  cent* 

Iron  1 2*  85  as  protoxide  of  iron,  1^*  5  4 

Potassium  37*11  =  potash  44*(>8 

Cyaoogea.  ••••  37*22 
Water  12-82 

I  think  it  useless  to  give  the  pesult  of  the*  calouiatioii  of  the 
two  other  salts  analyzed.    They  accord  with  the  follmving  for- 

•  mulffi :  Fe  Cy*  +  2  fia  Cy«  +12  Aq  ;  and  Fe  (      +  2  Ca  Cy^ 
+  24  Aq.    but  we  must  remember  tliat,  altliough  in  a  state  of 

•efflorescence,  these  two  salts  retain  an  atom  ot  water,  for  some 
reason  not  very  easily  explained. 

These  experiments  prove  that  the  salts  called  prussiates,  or 
ferruginous  hydrocyanates,  are  in  fact  cyanurets,  composed  of 
one  atom  of  cyanuret  of  iron  and  two  atoms  of  cyanuret  of  the 
other  metal. 

What  is  the  nature  of  these  compounds  when  they  contain 
water?  It  is  more  difficult  to  answer  this  question  than  at  first 
it  seems  to  be.  In  the  ferrugnnous  prnssiates  of  potash  and 
lead,  there  is  exactly  the  quantity  of  water  necessary  to  trans- 
form them  mto  hydrocyanates,  whence  they  may  he  considered 

•  According  to  die  Ibmiila,  Fe  Cy'  +  2  Pb  Cy% 
'i  I  vMt  dieiign  Cy  fcr  efmogen  instead  of  N       awia  wnnilea  aamben* 

•  2  £2 
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as  double  liydrot^aimteB/*  But  are  their  ^feitt^U  i^^iMy  '^tift^^ 
bin'j^d'  ijQ  tbis'  manner^  of  'may  thej  be  tii^gat<M  mlie^  ai^yiaiiaffi^ 
iritli  wAter  of  crystalfeWidtt ?  •  t'  :       .  -  ' 

In  compoiihd  subatlkiltS^s/ tirhose  dements  may  be  eoii^ilMi 
16  be'ubit^d'm'sererd't^iW's;  18  h  ihdiff^  in  ^hat  maiiti^rSf** 
imagitie  the  union  to  take  place?  Are  tfcfe  pfOdii^»-*o^ 4li«ir 
ie^om{)osition  detefi^ikied  smely  by  the  decomposing  ipower? 
A  multitude  of  circomatailoes  concur  in  favour  of  1^  idea.-  But 
if  it  idere  correct,  a  compound  body.  wltdsad^liilMi  ktd^pa^^^ 
of  60ii^fafa)dV)g  at  high  temperatures;  insikdi  a  Ihafl^^yttMr^flM 
Other  compounds,  indued  Witb  a  certain  tenflAodyiatt  the  corioMMi 
atmosph^c  temperature  and  pressureH,  I  say  tbta  aubstance 
must  continually  decoinpose  in  the  air,  till  the  tenalbn  of  its 
de&^ents  is  balanced ;  md  in'  a  vacuam  it '  etimiot  exkt?  at;  aU. 
It  appears  tof  m  that  nitrate  of  'ammoma  trduld^ompoiBiiiB 
this  my  in  a  Tacuutti^if  it  were  a  matter-ofindiflhreHoa^pheter 
we  c^sider  itas  comp6ised  of  an  atom  Of  amnioiii^'^miatiifraf 
tiitdc  acid^;  and  an  atom  of  water^  or  of  tta^aidttrof^iotiMiide'of 
azote  and  tiRTo  atonKS  of  ^jfkter^  aiitee^  hi  ar  vaemMf  ^eret]0-m 
obMacle'tO' prevent  these  bodies  obeying  tlitf  'Mldeii€€f>  «of  tkmr 
-tension;  as  well  the  preponderating^  afiiiitleBy  any  more-dM 
at  4  higb  temperature,  When  those  two  siibdtanoes 'are  oetaalhr 
formed.  *  It  Is  probable,  Iherelbre,  that  the  elements  ^jtiitra» 
of  ammonia  are  combined  rather  as  nitric*  add^'  amttoniHi  aiid 
water^  than' as  protoxide  of  azote  aitd- water.-  In' like  manner^ 
when  a  salt  effldresees  Itt  the  common  temp'eratiire  -df  the  ajUso- 
sphere,  we  cdhstderthe  ii^'ater  as  existing  as  snob  in^tbea^ 
bnt  itetaihed  by  so  weak  an  affinity;  that  It  is  Overciasne  by 'its 
tension. 

Futminiating  gold  and  silver  explode  by  very  slight  elevation 
of  temperature,  and  water  results  ;  but  these  substances  are 
permanent  in  a  vacuum.  The  hydrogen  and  oxygeti  Which  they 
retain  with  so  weak  an  affinity  were  not,  therefore,  in  the  state 
of  water,  but  combined  in  another  manner,  and  it  is  only  in  the 
act  of  explosion  that  water  is  fornicd.  But  if  in  these  substances, 
whose  composition  depends  on  so  weak  an  affinity,  water  be  not 
produced,  when  the  effect  of  its  tension  is  lacihtated  bv  a 
vacuum,  wc  niav  presume  that  all  bodies  which  exhale  aqnLH>iis 
vapours  in  a  vacuum  must  contain  water  ready  formed,  and  that 
they  retam  it  by  a  very  weak  ailiuity. 

1  put  crystals  of  ferruginous  prus.sia'r:  of  jjotash  into  a  vacuum 
with  sulpiiuric  acid;  at  the  temperaliue  of  35*4°  Fahr.  they  lost 
all  their  water  of  combination  :  a  small  piece  of  a  crystal  intro- 
duced into  the  vacuum  of  a  barometer  made  it  fall  0*005  in.  at 
the  temperature  of  59°  Fahr.  I  do  not  give  this,  however,  as  a 
very  accurate  result,  from  the  extreme  difHculLy  of  making  a 
solid  body  rise  through  the  mercury,  perfectly  free  from  air 
adhering  mechanically  to  its  surface.  The  experiment  proves, 
however^  that  tlie  water  of  cr)'stallization  in  tlus  salt  is  endued 
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with  a  oeFlain  tension,  which  varies  witli  the  temperature.  It 
app^'B',  therefore,  that  the  salt  in  (piestion  contains  water  ready- 
formed,  and  not  hydrocviuiic  acid,  and  oxidated  bases  ;  for  it  is 
not  very  hkely  that  the  base  and  the  acid  should  be  decomposed 
and  l  eeomposed,  in  proportion  as  the  tension  of  the  water  varies, 
according  to  the  temperature  and  the  quantity  of  aqueous  vapour 
in  the  i^urrounding  atmosphere.  In  this  case,  we  must  consider 
the  crystalUzed  ferruginous,  pru^siate  of  potash,  as  a  double 
cyanuFet  of  iron  ami  pottni^ium,  combi:?ed  with  water  of  crystal--' 
*  bUtion,  after  ib^  manner  of  salta,  all  the  external  characters  of 
whiohitpoaaasspa^veB  in  iU  efflorescent  9tate» 

-*       t     ■  . 

.  Ill,  On  the  Hydracifanate  of  Iron  and  Ammonia:  •  " 

.'ittfOlder'to*  leaiVii'the  nature  of  the  feiruginous  hydrocyanates 
witb^more  certaiatVy  1  also  examined  the  composition  of  the 
mmoniaeal  one.   It  appeared  to  me  at  first  ptrobable  that  it 
ittig^e  throw  hght  upon  the  true  natnre  of  ammonia.  IL  for 
KKainpIe^  this  salt  were  reducible  to  cyannret  of  irob  and.  the 
aietallbi  tiu%s(baiice.  which  amalgani^^  with  ipercury,  whe(i 
Mikndnia  is^  defeonqpoeed  by  the  eleciric  pile>-  and  if  it  were  pos- 
;aille-tD<(ebtoia  this  aaH  free  from  water*  or,  what  is  the  same> 
^stfdiQttt  ediygen>  it  is  evident  that,  in  this  case,  it  would  be  a 
'dMUb  cyanuret,  and  it  would  be  easy  to  det^ermine  whether  the 
hmtaHio.  radioal  of  ammonia  is  composed  of  .ai(L  atom  of  azote 
imd'  of  six  atoms  of  hydrogen,  as  appe^r^  to  result  from  the 
experiments  of  MM.  llienard  and  Gay-Xitssac»  or  whether  it 
densisiB  of  an  atom  of  nitricum  and  six  atoms  of  hydrogen, 
according  to  the  conjecture  which  I  have  hazarded.    In  the 
first  case,  this  salt  would  appear  to  be  composed  of  cyanuret  of 
iron  and  hydrocyanate  of  ammonia  ;  and  the  hydro<i;en  assigned 
to  the  hydrocyanic  acid  would  in  iact  be  tlic  additiuiial  atom  of 
hydioi;eu  reqiured  to  metallize  the  ammonia,    lu  the  sccuad 
case,  ua  the  contrary,  there  would  be  no  other  hydrogen  than 
that  which  is  ^  constituent  part  of  the  ammonia.    But  there  is 
still  a  third  case  :  it  is  that  this  combination  niijxht  consist  of 
hydntcyauate  of  protoxide  of  iron  and  hydrocyanate  of  ammonia, 
and  which  would  not  part  with  the  oxyi^en  and  hydro2;en  neces- 
sary to  the  existence  of  the  hydrocyanate,  witliout  bemg  at  the 
same  time  totally  decomposed;  jai^d  unfortunately  this  is  the 
actual  state  of  the  cuse. 

The  experiments  ne(  ess;ary  to  determine  which  of  these  cases 
.  happens,  are  neither  diliicult,  nor  subject  to  give  ambiguous 
results.    The  hydrocyanate  must  contain  four  atoms  of  ammonia 
and  one  atom  of  iron  :  since  the  oxygen  presupposed  in  this 
alkali  must  be  double  tliat  whi(  li  iron  absorbs  in  becoming" 
.  protoxide.    Consequently,  m  the  hrst  case,  the  salt  decomposed 
by  heat  ought  to  leave  27*63  per  cent,  of  its  weight  of  red  oxidfr 
of  iron;  m  the  second,  31*18;  and  on  tlie  thnd,  25*9.  The 
.  gprnAesI  .dil^ddty  in  .this  experiment  was  that  of  obtaining  th» 
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a^^NEda  it  muBhiaiaBad  witk  othec  siiaiUumMir  taMimwog 
raliQiDi  witb  tbem,.  it  lE^nstaody  decoBBpoiM*    ly  fihetBtm^i 
prepuDid'mie  ayanniiet  of  inua  and  Ind;  vfakhl-.^toomposedi 
Dy  ciaiwUc  ammonia.  The  Boliitio#  waa  evaporated  m  vmw^. 
aad  hamg  powdeiad  the  aak,  I  a^aia  dried  itia  vaeuo  to  separata 
all  Ilia  water  mecbaiucally  mixed  with  it.         *  f 

:la,ofder  to  determine  whether  this  salt  contains  any  water,  X 
heated  U  in  a  ei^aU  retert  made  with  the  lamp,  and  received  the  > 
}>roducts  of  tfaeidistiliaJtion  in  a  long  tube,  that  by  the  differenoe 
of  their  volatility  they  mi^ht  be  deposited  at  different  distancea,* 
from  the  heated  part.    Ihe  first  effect  produced  by  the  heat  is 
that  of  rendering  the  salt  green  at  the  bottom  of  the  retort,  and 
the  smell  of  hydrocyanate  of  ammonia  is  perceived  at  the  open 
end  of  tile  tube.    The  greenish  colour  was  soon  succeeded  by  a,, 
greyish-yellow,  considerably  resembling  that  of  the  pulverized, 
salt  before  it  is  heated.    The  yellowish  stratum  increased  in; 
thickness,  and  at  tlie  same  time  a  very  minute  greenish  stratum 
which  separated  it  tiom  the  unchanged  salt  gradually  rose 
towards  the  surface,  where  it  at  last  disappeared,  laaving  the 
salt  completely  converted  into  a  yellowish-grey  mass.  During 
this  decomposition,  water  continued  forming  and  depositing  in. 
small  drops  in  those  parts  of  the  tube  which  were  near  thej^ 
retort.    A  great  quantity  of  hydrocyanate  of  ammonia  was 
the  same  time  disengaged,  aiul  wlien  the  salt  had  driven  the^ 
atmospheric  air  out  of  the  apparatus,  it  began  to  crystallize  afc.» 
some  distance  from  the  water,  so  that  the  interior  of  the  tube.-, 
was  entirely  lined  with  its  crystals.    The  centre,  which  was  at. 
first  Hmpid,  became  gradually  yellowish,  and  afterwards  brown-* 
ish  nearer  the  crystaUized  ammoniacal  salt ;  this  arose  from  the»^ 
spontaneous  decomposition  which  hydrocyanate  of  ammonia<> 
suffers.  This  salt  did  not  contain  any  water  chemically  combined; 
for  it  was  crystallized  in  the  form  of  little  rectangular  tables  and 
prisms,   which  are  the  usual  forms  of  this  salt  when  it  is> 
prepared  with  ammoniacal  gas  and  hydrocyanic  acid  free  from 
water.    The  yellowish  mass  contained  in  the  retort  was  cyanuret 
of  iron,  the  lower  part  of  which  had  begun  to  decompose  before 
•    the  upper  jjart  was  entirely  deprived  of  water  and  hydrocyanate, 
of  ammonia.    By  continuing  the  heat,  the  cyanuret  of  iron^ 
became  of  a  deeper  colour ;  hrst^  brown;,  and  at  laat,  hki;k«,.aAAj 
disengaged  azotic  gas. 

In  order  to  satisfy  myself  that  the  decomposition  was  com-?* 
nlete,  I  placed  the  small  retort  in  a  charcoal  lire  to  make  it  redrt 
not,  when,  to  mj  great  auvpiisei  the  coaly  mass  burned  vividly 
^  if  oxygen,  gaa  md  beaa  present  ia  the  icataKl»,  A  anail  qpan^ 
tity  of  undecQQi{)|09ed  cyanuiet  of  iron  dwngpged  azaftUi.gMli 
vaih  so  much  rapidity,  that  a  part  of  the  aaass  was  thmwain^il 
thir^neck  of  the  retort.  When  the  retort  was  cold^  it  waa  finiDik 
IgjgUffgKh^.         pulvanikikt  mssa,  waighw^Slfriifiul^ 
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of  the  iiydrocyanate  erapioyed.    Tliis  substance,  when  heated'*' 
in*  the  flame  of  a  lamp,  took  fire;  and  continued  to  burn  hk^  * 
amadou,  but.  without  either  smoke  or  smell,  and  it  left  a  residue'- 
of  oxide  ot"  iron,  the  weight  of  which  was  precisely  equal  to  that* 
0]&.the  mass  beioro  combrtisdon.  *  " 

In  another  experiment,  L  heatod  the  hydrocyanate  by  a  spirit 
lamp,  taking  care  not  to  heat  it  enough  to  occasion  the  deflagra- 
tion which  occurred  in  the  former  case  ;  but  the  heat  was  con- 
tinued as  long  as  the  disengagement  of  gas  was  perceptible,  and 
the  products  of  the  distillation  were  passijd  through  a  tube 
containmg  mmiate  of  lune,  and  the  gases  received  oter 
ineicury.  The  coaly  residuum  weighed  26'3,  and  gave  by  com-*' 
bustioa  in  an  open  Vessel  exactly  26''3  of  red  oxide  of  iron.  ItJi 
burned  as  before,  but  without  the  deflaoration  abovementioned^ 

... 

occurring  at  the  temperatme  required  to  inflame  it.  The  muriate  - 
of  lune  gained  9*7  per  cent,  of  the  weight  ot  hydrocyanate.  \V  hen 
heated,  it  fi'ave  ouc  at  lust  much  hydrocyanate  of  ammonia,  < 
atterwards  annnoniacal  gas,  and  lastly  water  much  impresniated  > 
with  amraoma.  In  this  experiment^  the  quantity  of  wa^er  could  not 
be  determined,  but  it  proves  nevertheless  that  the  salt  cannot  con- 
tain more  waterthaii  is  requisite  to  convert  the  c  v  anuret  of  iron  inta- 
hydrocyanate  :  for  otherwise  the  muriate  ot  hme  ou^rht  to  have 
gained  much  luore.    The  gases  produced  contained  no  trocc  of 
carbonic  acid.    1  introduced  somo  lime-water  u  Inch  absorbed  a.»' 
great  quantity  without  becoming  turbui.    The  liquid  contained* 
much  hydrocyanate  of  ammonia,  and  the  unabsorbed  gas  was 
azote.    The  explanation  of  these  phenomena  is  very  simple  :  the 
hydrocyanate  of  iron  and  ammonia  is  decomposed  by  heat,  and^ 

fives  hydrocyanate  of  ammonia,  cyanuret  of-  iron,  and  water*, 
he  green  ookmr  wlucdi  appears  during  the  decomposition 
appeaiB  to  be  ov^^ng  to  the  formation  of  a  smail  ^WHkity  of  i 
Prussian  blue,  which  always  begins  the  decomposition  of  thaiK 
salty  oven  wheO'  in  aoiation.   When  the  heat  is  inoreased,  the 
cjsaouiel.of  iron,  is  decomposed,  axote  is  disengaged,  and  the 
cmoK  reoaiQa.cfoiiihuiied  with  the  iroiu   As  oyamiret  of  iron 
contHDB  .four  atoms  of  carbon  to  one  of  iron,  the  same  propop^ 
tioaa  oi^htto  be  foimd  in  the  oarburet  which  results  froia.ita  . 
deooiilpositton.   Then  in  companng  tho  weight  of  four  atoms  of« 
cadbon  with  that  of  three  atoms  of  oxygen,  the*first  is  fonod  to 
ba:^3(U*^y  and  the  last  300;  so  that  when  the  quadricarburet  of 
iron  is  converted  into  red  oxide  of  the  metal,  its  weight  should 
not  alter  mora  than  1-lOOOth,  whioh  is  too  small  to  be  ascertained 
in  experiments  made  opon  so  aiimite  a  scale  as  mine*  As  to  tha* 
deflagration,.!  shall  )wnaft«r  have  occasion  to  mentum  it». 

i  .Ined  wmmlL  tiaea  to  expose  the  hydrocyanate  of  iron  and 
awwnnta  ta  tampefitugea.  very  gradnaUy:  raisad  in- order'  to  see 
whallm  sti  would  not  be  possible  to  sepaiate  the  water,  and . 
preserve  the  hydrocyanate ;  that  is  to  say^  .to  raAnjce  thiaMfe.ta>: 
thlsKiiqwMkiiin  sappoasd  in{  the  tet  Mie;.  bnt  I  faaaa  not 
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succeeded.  The  water  and  the  hydtiKfUi^  im^'il'^  i^ei»-;v 
ga^ed  together^  and  thie  foil  becbmto  green*  £ren  fRim  aft^^ 
benig  highly  dvfed^  it  gare  a  residuum  by  combusljoa  of  28^5 
cent,  of  oxide  of  iron,  it  still  yielded  water  by  distillation  ;.  so  . 
that  in  drying  it,  1  only  commenced  its  decompositioui  which  is., 
'    ^'tatecTby  the  great  tension  of  hydrocyanate  of  ammonia, -and 


by  the' tendency  of  the  hydrocyanate  of  iron  to  fuim  prussiait. 
buie;  ■  '  '  "  "■  ,  ^  •  ■  ;  ,.■ 

IV*  FrusskiH  Blue,  ' '  -    '         vk,  -  * 

I  prepared  this  substance  by  dropping  a  solution  of  cyanuret  • 
oi  potassium  and  iron  iato  one  of  muriate  of  iron,  to  which  I  had  ^ 
previously  added  excess  of  acid.    I  washed  the  precipitate  tho- 
roughly and  dried  it.  Prussian  blue  retains  hygiumetric  Baoistiure 
so  strongly,  that  sulphuric  acid  in  vacuo  does  not  detach  it ;  and  ♦ 
I  have  no  doubt  but  that  this  salt  wheu  dried  would  possess  the 
property  of  causmg  water  to  freeze  in  vacuo  quits  l|S.  .weU  ; 
sulphuric  acid  and  some  other  substances.  V,  %  J 

I  put  some  Prussian  blue  into  a  cylindrical  glass  which^I 
placed  in  n  small  sand-bath.    I  pkiced  the  bulb  of  the  thermo- 
meter in  the  imdrlle  ottiie  prussian  blue,  and  heated  the  saiidbath  . 
gradually  untii  the  thermometer  rose  to  307°  Fahr.  The  prussian 
ohie  did  not  appear  at  all  changed,  and  gave  out  no  odour  either 
of  hydrocyanic  acid,  or  hydrocyanate  of  ammonia.  I  afterwards  j 
placed  the  sand-bath  thus  heated  in  vacuo^  with  sulphuric  aoid^ 
and  suffered  it  to  cool.    A  portion  of  prussian  ])lue  thus  dried 
was  weighed  as  quickly  as  possible,  and. then  lighted* Ikt.thto- 
edge.    It  continued  to  bum  by  itself  like  amadou,  giviugifn^it 
vapour  which  condensed  upon  a  funnel  inverted  over  itp^^t  was  ; . 
^carbonate  of  ammonia.    One  hundred  parts  of pms^an  blne,]^  i<* 
a  residuum  of  60' 14  parts  of  red  oxide  of  irpn,  <sontainiog<na  '* 
|K)tash.  .       ,  , 

It  is  well  known  that  when  a  solution  of  protoa^ide  of  iron  is  ^ 
precipitated  by  prussiate  of  iron  and  potash,  a. white  insoluble  ■ 
compound  is  formed  which  contains  pota^,  and  which. bj. 
absorbing  oxygen  becomes  blue.    It  is  also  well  known  that  a.  - 
salt  with  base  of  protoxide^  which  absorbs  oxygen  without  tbeie 
being  at  the  same  time  an  increase  of  acid,  combines  with  an 
excess  of  base,   t^ssian  blue,  therefore,  which  is  prepared  hjf 
oxidation  of  the  white  precipitate,  cannot  be  a  neutral  compounck 

{  added  a  solution  of  neutral  muriate  of  deutoxide  of  iron 
to  a  solution  of  cyanuret  of  iron  and  potassium,  and  I  Idt 
the  mixture  exposed  to  the  air  until  it  became  Uue*  The  liqnid.  > 
which  still  contained  undecompose  )  *.yanuret,  remained  nenttal; . 
this  circumstance  proyes  that  no  p.»tash  was  set  free,  and  conse- 
quently that  the  blue  compound  did  not  contain  a  quantity  of 
acid  proportional  to  the  capacity  of  the  base  which  had  been 
increased  by  oxidation. 

Prussian  blue  thus  prepared  has  properties  which  it  does  uot 


- 'd  vj^.vv'^le 
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pofisesft  when  differently  prepared,  and  which  may  become  ofi 
some  utiirty  in  the  arts.    It  is  soluble  in  pure  water,  but  not  inti 
wlotei'  which  contains  a  certain  quantity  ot  any  neutral  salt.  It' 
is  on  this  account  that  it  does  not  dissolve  when  it  is  washed, 
and  eten  the  greater  part  of  the  saline  matter  is  separated  froia 
it^    A  clear  blue  solution  then  passes  tlirough  the  filter  ;  but  it  ! 
again  pi*6icit^tates  pni^siftn  blue,  if  it  falls  into  the  liquid  wbioh'^ 
had  previonflly  paissed  ttirough. 

I  made  use  of  a  solution  of  sai  ammoniac  to  separate  it  from 
otber  salts.    I  washed  it  with  a  small  quantity  of  wateiv  until  it 
bdgan  ta  be  cdoured ;  "and  I  afterwards  dried  the  precipitate  byi  ' 
pressure  betwe^en  p$rper«  ^e  blue  solution  is  precipitated 
the  addition  of  muriatic  acid,  but  the  precipitate  dioes  liot  lose 
its  solubility  in  pure  water.   The  blue  solution  is  not  rendered., 
turbtd  by  alcohol.   Hits  solubility  of  prussian  blue  is  not  afways 
the^  SAme.    Sometimes  the  whole  of  the  precipitate  veodered... 
blue  by  t>xidation  in  the  air  is  soluble  ;  at  other  times;  ni0rei'Gf: 
less  of  it  remains  insoluble.   Ebullition  produces  no  change  in 
]t#  solobifityi  This  property  in  a  substan^^e,  which  under  other  : 
ciremn&tances  is  so  msoluble,  appears  to  be  of  the  same  nature  - 
as  the  ^nbihty  of  the  oxides  of  tin  and  titonium^  and  also  of  , 
mMM;  the  solubility  of  which  is  evidently  different  in  its  nature  ^ 
from  thtil  of  salts.    As  the  addition  of  excess,  of  acid  does  not  . 
deprive  pmssian  bhie  of  its  solubility  in  pure  water,  it  is  evident  , 
tfaa^  this  property  does  not  depend  upon  an  excess  of  base«     •  .  { 

in  order  to  compare  these  pnenomena  with  those  which  occur 
in  insolttble  site  of  protoxide  of  iron,  I  examined  the  changes , 
produced  -by  *  oxidation  in  some  of  the  latter.   A  great  number .  • 
of  them  may  be  preserved  without  undergoing  alteration,  or  they 
become  yellow  by  the  formation  of  a  salt  with  peroxide  in  excess*  . 
Bi^  thefe  are  two,  viz.  the  phosphate  and  the  arseniate  of  pro-  . 
toxide  of  iron  (the  acids  of  which  combine  with  bases,  according 
to  a  different  law  from  other  acids),  which,  by  absorbing  oxygen 
from  the  atmosphere,  change  their  white  colour  into  a  darker 
one,  and  form  salts  with  excess  of  base  differing  as  much  from 
salts  of  the  protoxide  as  of  the  deutoxide.    fhe  phosphate 
becomes  blue ;  it  is  even  found  in  nature  partly  blue  and  partly 
white ;  but  in  this  latter  case,  it  becomes  blue  m  the  air  in  a  few 
davs.  The  arseniate,  on  the  contrary,  becqmes  of  a  deep  green  , 
colour.  The  two  varieties  of  the  Arseniate  appear  ako  to  be 
found  in  nature.  The  neutral  salt  has  been  lately  found  in 
Saxony :  it  is  called  scorodite:  it  is  a  salt  which  contains  water, 
and  has  the  same  colour  as  protosulphate  of  iron :  the  other  has 
been  long  known ;  it  is  the  cubic  arseniate  of  iron. 

There  is,  however,  an  essential  difference  between  these  salts 
and  prussian  blue.  They  do  not  form  double  salts  with  other 
basts ;  and  when  they  are  decomposed  by  caustic  potash,  they 
do  not  yield  liy Urate  of  deutoxide  of  iron,  like  prussian  blue.  Ou 
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Qiitdmf,  the  potaah  ioomtnokig  wttli  their ■tcMrt  tegTO»*sc» 
Bi^bBWAce  as  black  as  olMcoal,  whtoh  catlmm  ao  combinaAv 
yff^T,,md  which  suffers zanoh  teas  chaage  during'  wadMog  Uwi^ 
the  pfotajade':  itifi-.this  compoundof  deutoaide''mth  pcot<)xklei»< 
vfjfim  L  hkum  iUM»ad«  ewidum,  ferrosa^Jwmumt  wad>^h  m^t&  hm*' 
pipraned  tli«ltha«ecmqKNRtioaof  tiiqae  $dU  may  helifcyafcied  by 

*  *•  «• 

•••••  •■••««  •«•••«  ^  # 

Fe  P-  +  2  Fe  P'^  et  pai'  Fe  As*  +  Fe  As\'        ,  i  ' 

It  apipearad  m  ostmiiely  pvobablti  Aat  praasiiln  Ukitrmiglttr' 
beia  complatdy  anakif^oua  aom]pofiDd.  lia  Kmaatfam  «iMas<« 
oldoioUa*  d«aomp06iliioii  ought . then  to  den^oy  the  •  sMraiifrf  oi^* 
tlM>  two  aalte.  kmed^  and  free  acid  oughtto  be  libttrafsd. 

.1  prepofed  *  aoMooiof  neatral  munfllM  «f'dfirtttaQddo^o£'iM9vr^ 
aj»d  after  hafing^deteraotted  by  ^  correct  ahialysia  the  raialiML  J 
of  the.  aoid  lo  tho  oxido  of  iron,  in  onto  to  aatialy  ttysaif  of  its'* 
btmg.  neutral,  L  added  it  drop  by  drop-  to  a-aoltitioa  ^tsffBrnxMr'^ 
oi-  iron  and  jpotaBainni,  nvliich  did  not  ohanige  the*  oolonr  oM 
t»imeoI«  Wheathe  greater  part  of  the  eymmfet  wtttf^doMni^. 
P9«ed,  I  sfi&red  Che  precipitate  to  i«iaaui;  The  olear  lii|eid  wmB^* 
fomnd  to  be  aa  neutral  as  at  first,  sotbat  the  precipiCMe  waa  as* 
neaUeJi  a  oonpoaadrai  the  sub^taneea  employed' en  pre^^re  ife^ 
I  Aootiawad  to  add  the  manate  of  deuteadde  of  iron  aatfl'<^i^laM^* 
ii^  ei^ceas.  The  liquid  had  then  acquired  the  property  of  elightif 
reddening  the  tincture  of  tutaaid^  aa  lauat  haf^n  HtMn  the  exceaai  ^' 
o€  muriate  employed .   The  prussian  blue  produced'  in  this  expe- 
riment can,  therefore,  only  be  a  double  hydrocyanate  in  which*' 
the  oxygen  of  the  deutoxide  is  double  that  of  the  protoxide. 

l  afterwards  analyzed  some  prussian  blue  thus  prepared,  by 
dio;esting  it  witli  excess  of  caustic  potash.  The  undissolved 
oxide  of  iron  was  separated  and  washed,^  and  the  alkaline  liquid  • 
(which  with  the  protoxide  of  the  decomposed  blue  had  formed 
cyanujct  of  irua  and  potassiuLn)  was  (lecompobed  by  the  addition 
of  corrosive  subhmate,  the  di«estiou  beins^  continued  for  some 
houi:s.  The  oxide  of  iron  p:  <  cii^itated  by  this  process  was 
wabiied  and  strongly  heated  to  st  parate  the  oxide  of  mercury 
which  was  precipitated  with  it.  The  oxide  of  iron,  separated 
from  the  prusa»iaii  blue  by  potash,  was  to  that  separated  by  cor-» 
rosive  subhmate  as  30  to  22. 

If  the  prussian  blue  were  analogous  to  the  phosphate  and  arse-  • 
niatc  alluded  to,  the  two  \\  eights  of  the  oxide  of  iron  ought  to  • 
have  been  in  the  pioportiou  of  2  to  1.  I,  therefore,  repeated 
the  experiment  with  the  prusbiaii  blue,  washed,  but  not  dried,  in 
ordei  that  it  might  not  be  changed  by  the  drying,  and  the  two 
weights  thus  obtained  were  70*5  parts  of  oxide  of  iron,  separated 
by  the  potash,  and  62  parts  precipitated  by  digestion  with  the 

*  T  sati<;f!cc!  iin-self  !>y  an  experiment  prenoudy  madc^  ^htt  the  oxtde  o£  fMb  thilB, 
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cojxosive  sublimate*  Th93e  proportions  beings  neitUer  as  1  - 
to  2,  nor  as  2  to  3, 1  thought  it  requisite  to  exanuue  whether  the 
caustic  potash  did  not  in  some  way  decompose  oyanygen.  I> 
therefore,  analyzed  prussian  blue  by  digestinec  it  for  a  long  time  '.■ 
with  bicarbouate  of  pot^ish.  >  The  decomposition  was  couipiete^ 
the  bicaibotidU;  kft  31  parts  Ot  oxide  of  iron.  The  yellowish 
solution  was  supersaturated  witix  nitric  acid,  evaporate4  U)  dxyr- 
ness,  and  the  dried  mass  was  exposed  to  a  red  heat. 

This  mass  being  washed  with  water  left  23  parts  of  oxide  of 
iron  undissolved.    All  these  numbers  as^ree  together,  and  tlie 
two  portions  of  oxide  of  iron  obtained  in  each  experiment  are.iii,^ 
the  proportion  of  three  atoms  of  oxide. of  iron  and  four  atoms  of' 
the  same  oxide;  that  is  tO:  say,  =  2935-29  :  3913-72.  The 
analysis  then  proves  decidedly,  that  in  prussian  bka  prepared  ia 
this  manner,  the  oxide  of  iron  contains  twice  as  mucii  oxygen  as^ 
the  protoxide,  and  consequently  its  composition  is  proportional 
to  that  of  other  cyanurets  or  ferrumnous  hvdrocv'inates  ;  this  is 
also  demonstrated  by  the. substances  from  which  prrussiau  bkie  is 
pu^jpitatedf  Temaiaing  uQutral.  But  what  is  then  the  blue  mass 
which  is  produced  by  the  oxidation  of  the  white  hydrocyanate., 
ofkop^  This  compound  cannot  be  neutral,  forit  does  not  meet  with - 
aijy  mid  to  saturate  it,  mr  can  it  Qoataia  oxide  of  iron  mechajai- 
cajly.  lOUi^d  ;  first,  because  I  have  efien  seen  it  totally -disserve 
ia, water;  aocL  ae<9oa<%»  because  th»>hydi*ate  of  oxide  of  iFou 
lasm^  alter  the  fine  blue  colour  to  greoDV  aB^lmppens  if  the  solu^. 
tim  ift        it  U  HoivmA  cwimm'tm «cea»>of  the  ^eccttSMmit 

The  fflPf^iFWTiftp  wbMbI  have  made  to  and^.prujmn  biiii^ 
l>y  BOkom  of  combustion  have  not  .  given  lue  as  decisive  results 
as  I  'expected*  A  quevyttty  of  ptusaiaii  .blue  diied  at  a  higjbt 
temperature  ^ve  68  per  cent,  of  oidde  of  mm,  by  conbostioiu 
iteiother  potti/Qia  of  toe  mm  prussian  blue,  \vai|^bed  an  instant 
aftes  the  fomer^.waa  banied  widi  oaide  of  copper,  taking  the  • 
sape  precautions  as- elready  mentioned.  The  water^  carfoonict 
a^^id,  and  azotic  gltees,  obtamed^  indicated  46^6  paits  of  carbe% 
ajid  ^'i  of  azote  =  98*7  paste  ofcyaaogeii.  The  pnuMian  bine 
eziif^yed  conitained  such  a  portion  of  metellie  ism  aa  wcwddf 
Gpmbiue  alinoet  precisely  with  this  .quantity  of  c}Fanogen  ta 
beooa»e  cyanimt ;  and  by  adding  together  the  weight  of  the 
uoii^  .cy«xiP|#o».aiid  of  tbbe  water  obtained^  the  weight  amounted, 
almost  pi^maely  to  that  of  the  proasian  bkie  employed,  aathoBt. 
l^yit^  anv  thioff  for  the*  weight.  <^  the  oxygen  of  the  aside  of 
ii^n»  whicA  ongw  to  exceed, tha.  hydsogen  of. the  kydoocyeMOr: 
aiwi^  if  th^  .compund  hivi  contaiuea  excsM  of  Ittse. 

1  rested, tma  eqiemenl^  with  piassiaii  Una-  pDeeostaleAi 
fym  a  neutral  aolutiontof  nniiale.of  dealaxide  of  iron^  mm  dndt- 
i%  without  lieat  It  left  after  coiabiuiftioa  64*6S|Mar  ceaiu 
of  red  oxide  of  iron ;  when  burned  with  oxide  of  copper*  ifc 
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yielded  eai^mc  a6fid  wMum'^Andi  iodiatto^iiiiiillyWiiinij 
the  same  quantity  6f  tyvitAi^m  tt^kk  tkt^ti&ifM 
adding  together  €be  weight* ilf tile  mtar,4i9ii|*artd»f^ 
almost  pirecidMy  eqoattfcdztlwt-  <rftha  yhastiinote^^rBAif ddl» 
No  one  of  tSiese'esq^eriMBnitf  ifi|ri^k)«laa--0tdh'«  inMhmmSbmf 
iron  to  the  e^adogen  ttt^cht  lN^iMft«*iMD  ablMMl im iiiiiiipi 
toi^e experiments  made  in  the  humid  wayjWl^beidjFlieMiili^^ 
they  leaYe,  therefore/ aoHie  iiiieeitein^  «s  tO'Mi^  tm^iwlnifcff  * 

eonie  praaeian  hive  Teceotly  prepared^  '^wdtiifariati^ 
acid  tor  sepaitue  tiie  excess  of  beee,-  and  afterlMyriiig  weftithakadil 
iif  1  mixdd'it  with  pore  wattofy  and  passed  a'<wtieplTif  sidplinB  i 
etfced  hydrogen  gav  through  it,  vml  the  waisr  -mMmktmatti^ 
w&h  the  gas.  I  then  corked  the  hoHlei  and  leftiAeer tiio.e«l»t 
atlmces  to  retfet  npon  each  oAer  for  ae^erildaya.'  ndrnTpinssisBi 
Uoe  became  of  a  nghter  btae  oolonr,  and  efwtaail^  hnmam^ 
« dirty  white*.  hio.s 

The  fluid  hecatne  whitish  with  the  sidphnr  piecipitfllBdr^/LaAm 
wards  st^parated'the  white  mass,  and  I  evaporated*the  eMeisjiM 
tdpharetted  hydrt>geti  ^  byexpoaute  to  the  air.  -^Thiejftdtt 
nowred^ned  ionmsoly  and  preoipitaled  of  a^Moe-eohnythhsri 
ealts  of  iron  which  contaraed  deotogride,  The  au^phMtte^ 
hydrogen- gas  oti  reducing  the  dentoxide  of  iron  of'te  |iifMiMH 
brae  to  the  state  of  protoxide,  amd  then  separated  frbm  iMhai 
portion  of  hydrocyanic  acid  by  which  the  dentoxideihttd  bean 
neutralised  iri  -the  samie  Way  as  occurs  with  every  other  neutral 
salt,  whose  base  is  a  deutoxide,  when  the  sulphuretted  hydrogen 
reduces  it  to  the  state  of  protoxide.  It  must  also  be  observed 
that  the  acid  liquid  in  question  contains  no  pure  hydrocyanic 
acid  ;  it  still  contained  iron  :  it  was  the  ferruginous  prussic  acid^ 
which  I  shall  hereafter  consider.  .  ">\- 

The  mass  which  was  rendered  white  by  the  action  of  the 
sulphuretted  hydrogen  regained  its  bhie  colour  by  exposure  to 
the  air,  and  became  at  the  same  time  partly  soluble  in  pure 
water.  The  blue  solution  again  treated  with  sulphuretted  hydro- 
gen deposited  a  black  substance,  did  not  a^ain  become  acid, 
nor  did  it  again  acquire  the  property  of  precipitating  the  solu- 
tions of  deutoxide  of  iron  of  a  blue  colour.  In  the  same  manner, 
the  insoluble  portion  of  the  regenerated  blue  became  black  by 
sulphuretted  hydrogen.  These  experiments  prove  then  that  there 
are  actually  two  blue  compounds,  one  of  which  is  neutral,  and 
composed  of  three  atoms  of  hydrocyanate  of  protoxide  and  four 
atoms  of  deutoxide  of  iron ;  that  is  to  say,  the  last  contains 
twice  as  much  oxygen  and  acid  as  the  first.  The  other  appears 
to  be  composed  of  an  atom  of  hydrocyanate  of  protoxide  and 
"  Of  two  atoms  of  subhydrocyanate  of  deutoxide  of  iron,  analogous 
to  the  bl|^^  phosphate  of  iron  and  the  greeu  arseniate  of  the  same 
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:it»  ««ynife  tiiilt^,IillA^^  the  melaliio. 

xqffthoniatMd  kj^myaiiiiles^m  only  by  a  th^eoiy 

andTheiiard,  aodwhiali'liiri^  afterwards  adop|ted,««4.d[eireloped. 

by  the  qmniirets  is  iiMidDvlNbfldqr  It  <jw<iHWitinr<}  iylu<4iT»  very 
favoonUeitQity&tlidiHy*  t ♦    •  i  ^ 

tliat  the  cyanurets  of  rery  electitvipositive  bases ;  th^t  of  the . 
]Mtal0«biob^Qim.al|tfiIfes».dc»  at^t^eeomprn  watar,  and  do  njf>t 
fima^- 'hf&iat^pmtkm* .  The  we4^er  basiw^,siu»U  aa'^Qina,* 
amnfaittMi/tiier^ttalier  tumtbcr  of  metalUe  oxides,  4>q  tl^e  contrary^ 
Mwmne  iwdiocyaaates,  whiel^  when  exposed  to  a  big)i  tempeF-c 
aftave,' 'either  da  not  becooie  cyaaurels^  or  4o  not  loim  tbm 
imtheot  ^having.ttrpait  of  their  cynmog^  decoiii(^o^d  ^y  the 
oxy^mi^i  the  iMWiSi  and  yielding  at  the  same  -time  canHWC 
acid,  ammonia,  and  metaUic  carburets.  With  the  esc^tioix,o( 
'  bydrocyaniMe  of  iron  and  amm(Mik»  appears  that  whea  one  of 
the  bases  occurs  in  the  state  of  hydrocyanate,  the  other  is  so 
likewise ;  so  that  there  is  no  compound  of  a  cyanuret  and  a 
hydrocyanate.  When  thi^  cyanurets  combine  with  an  additional 
quantity  oi  base,  it  appears  that  the  cyanuret  becomes  an  hydro- 
cyanate, and  that  the  whole  becomes  a  subhydrocyaiiutc  ;  such 
is  probabiv  the  state  of  conibiiuiUuu  oi  cy  auuietof  niercuiy  witli 
oxide  of  n\ercuiy. 

Before  I  conclude  these  observations,  I  shall  say  a  few  wordd 
upon  the  acid  called  ferruginous  liydrocyauic  acid,  and  which 
haei  l>eeii  considered  as  a  iieciiliai  acid,  ot  which  the  iron  is  an 
element.  This  couipouiiJ  is  produced  when  a  stronsrer  acid  ' 
combines  witii  the  second  base  of  a  ferruginous  hydiucyanate  ; 
then  the  whole  quantity  of  hvdrucyuiiic  acid  cunibines  with  the 
|Nrotoxide  of  iron,  and  tliese  results  are  hydrocyanate  with  excess 
of  acid,  m  whicli  the  protoxide  is  combmed  with  three  times  as 
niuch  acid  as  m  the  neutral  salt.  All  that  I  have  already  stated 
upon  the  nature  of  the  cyanurets  and  ferruginous  hpdrocyanates 
is  evidence  in  favour  of  this  manner  of  regarding  this  acid  sub- 
stance. Porit  It  has  described  two  methods  of  obtaining  this 
acid,  one  of  which  is  to  decompose  the  cyanuret  of  iron  and 
barium  by  sulphuric  acid;  and  the  other  to  decompose  the 
cyanuret  of  iron  and  potassium  by  means  of  a  solution  of  tartaric 
acid  in  alcohol.  The  Huid  being  left  to  spontaneous  evaporation^ 
(crystals  are  obtained.  Neither  of  these  methods  gives  the 
fioperhydroeyanate  of  iron  in  a  pure  state. 

*  GhieliUi  gives  a  soluble  hydrocyanate,  whkh,  reduced  by  evaporation*  beoMMt  ft 

transparent  varnish,  which  is  often  bluish.  It  is  obtained  by  the  rini.b!e  dtromposition 
of  eulphate  of  gludna  and  cyanuret  of  lead  and  iron.  There  is  also  a  terrui;inous  hydro- 
cyanate of  alumina.  M'hen  neutr^,  it  k  but  tdightly  soluble  ;  but  witli  excess  of  acid, 
St  mi^  be  dimlvad*  It  is  prepowd  with  bjdiiie  cif  alanuiift  ind  ftmpaoat  prank 
sdd* 


.  J  d  by  Google 


446  '  'l^fessor  BerxiHus  vn  (tmiR, 

4  Spared  it  in  the  foii0Whi{g  lattiMr:  I  took  MMr  «)ritaret 
of  ma  and  leadwhfieh  had  been  "well  washed  hat  MtiMmj^lftiMl 
i  deoomposed  it  tmder  wMr  by  a  camMt  dTsMphtiMfied'hyHho- 
gen  gas,  tttitil  the  BulphumUed  hydtt>o^ii  mm  *iii*  exittfm.  I 

•  nnmediately  filtered  it,  aad  evaporated  hf  Wtima^im^lSiit'iiinhl 
.mumet.  fMt  tfc  'itffihmutted  nydrogen  spoyv'te  tflr-pump,  I 
afterwards  took  the  precaatioii  to  deoomyiai?  the  aolpliilimned 

*  IffAogeA  hf  the  addntioii'Of  a  naaM  <|alu]|lft|y  of ^eytttioMt  dP  iron 
and  lewd.  The  iitered  flmd  Mnamed  Kmpid  and  oolOtiilea»  in 
ta6U0|  and  H  evetttnally  leatee  a  ndtk^iHiite  opaqaeirabhUMe^ 

'  wMch  has  no  appeoMotee  loi  oifStaUifleition.  Thfii- White  ftmftcr 
.  has  the  ibUowing  properties :  it  dissehes 'in  water,  to  w%Miit 
'  tepofls  en  aeid  snd  agreeable  flarour^  bet  whfdh  is  tttHler 
aatringent.  In  contact  with  the  air  it  deposit  prustiaA^MBie, 
toid  assnmes  a  greenicdi  ookmr.  It  is  InodoroM,  'tnileAM'4t  'has 
begun  to  decompose.  When  boiled,  fhe  fijuid  gives  ont'hydfo- 
epmt  add,  ana  deposits  a  powder  whiiSh  becems^Mne  in  CM- 
tact  wilih  the  air.  it  is  necessarr  to  boil  it  ftfr  eo«ie  iitm  to 
decomipose  it  entirely.  The  fimS,  when  half  decomposed  by 
ebnDition^  has  seemed  to  file  to  possess  a  more  astringent  taste ; 
I  will  not  assert,  whether  by  this  operation,  there  is  formed 
an  hydrocyanate  of  iron  with  a  smaller  excess  of  acid.  If  cold 
water  be  saturated  with  dry  superhydrocyanate,  and  the  sohitioa 
be  suffered  to  remain,  it  gives  small  transparent  colourless  crvs- 
tais  which  uj)pear  to  contain  water  of  crystallization,  but  I  have 
not  been  able  to  determine  their  form.  The  cr>^stals  are  formed 
hi  eroupei  composed  of  concentric  rays.  The  rays  appeared  to 
me  to  be  quadrilateral  prisms.  If  I  were  permitted  to  conjecture, 
I  would  say  that  these  crystals  are  a  hydrocyanate  in  which 
water  replaces  the  second  base  that  existed  with  the  protoxide  of 
iron.  The  white  substance  obtained  by  evaporation  in  vacuo  does 
not  appear  to  contain  any  water,  or  rather  appears  to  be  the  super- 
hydrocyanate of  protoxide  of  iron  without  water  of  crystalliza- 
tion ;  for  if  it  be  distilled  in  a  small  and  proper  apparatus,  it 
gives  at  first  hydrocyanic  acid;  uitei  wards  carbonate  of  ammo* 
nia  and  pi  assiate  of  ammonia.  The  production  of  ammonia  in 
this  expernnent  proves  that  what  remains  after  the  hydrocyanic 
acid  which  is  first  evolved  is  a  hvdrocyanfite,  and  not  a  cyanuret, 
because,  in  the  latter  case,  it  couid  onlv  have  <?;iven  hydrocvanic 
acid  and  azotic  ^r^s.  This  substance  may  be  kept  without  alte- 
ration in  well-closed  vessels,  but  in  the  air  it  gradually  decom- 

goses,  becomes  at  first  screen ish,  afterwards  blue,  and  tinishcs 
y  being  entirely  converted  into  prussian  blue. 

T,  0»  the  Decompositioa  of  Hydrocyamtes  by  Exposure  to  a 

High  Temperature  in  eleee  VesteU. 

It  is  evident  from  what  I  have  above  stated  that  several  cya- 
nurets  when  exposed  to  heat  in  closed  vessels  must  exhibit 
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ifhenomena^^diflhaiig  ihom  ime  lAMl  Irinre-  keen  -Mhetto 

I  haTe  wmmd  «ome  of  them-  wtk-^im  lim,  mtd  I  ^'AMk 
')|hat  1  can^riiaw  o«Md«siicm»  Irom  mf  ekperimttite  nfgardi&g 
'VfdMilc  ckiMof  ayanui^tB. 

1.  C^0mmt  cf'ipmattd  F^assium^'-^l  httAedL  this  in  a  small 
*«ppamliiB»  «o  ananged  as  to  ooUect  the  gases  evolvedi   At  a 

^MlalAi'OX!  eas^os.  -  But  at  a  atrons  red  heat^  it  is  filled' wi£ 
-iMoiiall  babmea  i^oh  aie  disengaged  at  long  interab^  and  it 
^  'lainaiiia.Bi  ftbia  atatei,  ewn  at  a  teapevatttre  at  wlneh  the  glasa 
■Hicrfkeiia*  While  QOoltDe^  it  haa  a  deep-yellow  colour;  Imtit 
^haamea  altooat  ootourfeaa  u|Km  ceohag  to  the  temperature  of 
the  atmosphere.  Biasolyed  in  water,  it  learea  a  small  qiianttty 
of  ^aadiioarblRat  of  iron  in  black  fiakea,  and  the  adntion  haa 
^dkahne  .properties  and  smells  of  bydrooyamc  acid.   Hie  gas 
obtained  possessed  ail  the  charaoters  of  aaota.  The  cyannret  of 
^potash  separated  firom  oyanuret  of  iron  thas  decomposed  gives 
hydrocyanate  of  potash  with  water,  from  whence  its  alkaUne 
i-pioperty  and  hydrocyanic  odour  are  derived. 

2.  Ci/anuret  of  Iiun  a/id  Barium  treated  in  the  same  manner 
is  more  easily  decomposed  at  a  red  lieat,  gives  abundance  of 
azotic  gas,  aud  leaves  a  residuum  ot  cyanuret  of  barmiu  and 
quadricarburet  of  iron.  The  decomposition  is  usually  so  com- 
plete, that  the  solution  gives  no  blue  with  solutions  of  deutoxide 
of  iron  ;  but  there  are  obtained  a  solution  of  a  fine  purple-red 
colour,  and  a  red  precipitate.  This  red  compound  was  first 
observed  by  M.  Vauquelin  :  he  obtained  it  by  treating  deutoxide 

'  of  iron  by  hydrocyanic  acid.  That  which  was  obtained  in  the 
manner  now  described  was  not  decomposed  by  ammonia;  and 
after  being  evaporated  to  dryness,  it  was  again  partly  soluble  in 
water.  Another  part  appeared  to  be  decomposed,  .and  was 
^changed  mto  a  greenish  mass. 

3.  Cyanuret  of  Iron  and  Calcinm  is  still  more  easily  decom- 
posed than  that  of  banum.  As  it  retains  more  water  relatively 
to  Its  volume,  it  gives  small  drops  of  water,  and  a  little  carbonate 
and  hydrocyanate  of  ammonia.  Towards  the  end,  and  when  the 
heat  becomes  red,  it  burns,  but  not  vividly,  in  the  same  manner 
ma -before  observed,  withrei^ctto  the  hyarocyanate  of  iron  and 
4immonia. 

4.  Cyamuret  of  Iron  and  Lead, — If  it  contains  v^ater,  hydro- 
tfmke  of  ammonia  is  obtained,  which  readily  decomposes,  and 
'Wecomes  brown.  At  a  red  heat,  it  be^ns  to  eTolve  azotic  gas, 
-and  gives  nothing  eke.  When  the  disengagement  of  gas  ia 
finished,  if  the  retort  be  put  in  the  middle  of  the  fire,  vivid  com- 
iMtttion  is  produced.  If  this  tempemtare  be  employed  befcte 
•tha'cifannret  is  decomposed,  the  disengagement  of  azotic  ^as 
occurs  with  saeh  raj^ty  during  the  combustion,  that  a  portion 
^  the  ooaly  mass  »  earned  op  with  h.  If  all  the  water  haa 
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been  separated  from  the  cyanurct  Ix  fore  the  commencement  of 
the  experiment,  the  residual  mass  is  a  double  carburet,  composed 
of  an  atom  of  quadricarbiiret  of  iron  and  two  atoms  of  qiiadricar- 
buret  of  lead,  Fe  +  2  Pb  If,  on  the  other  hand,  the 
cyanuret  contains  water,  one  pait  of  the  carbcm  of  the  cyanogen 
is  converted  into  carbonic  acid  at  the  expense  of  the  water,  and 
there  is  a  deficiency  of  carbon  in  the  quadricarburet  of  iioii*  It 
has  been  supposed  that  the  residual  mass,  after  the  decomposi- 
tion  of  <^anuret  of  iron  and  lead»  is  a  kind  of  pyropbonis  ;  this 
is  an  error  probably  derived  from  the  circtuDStanoe  of  the  cwrbi^ 
rets  thus  obtained  taking  fire  readily  at  a  lower  temperature  than 
is  sufficient  to  inflame  other  bodies  ^  so  that,  if  the  retort  be 
broken  before  the  contents  are  cold,  they  take  fiie«  and  contiaue 
to  burn  like  amadou* 

6.  Frussian  £/#<e.— Prussian  blue  treated  with  mnriatic  acid 
was  dried  at  the  temperature  of  336  Fahr.  imd  afterwards  decom- 
posed* It  gave  at  first  pure  water,  then  a  little  hydrocyanale  of 
am(nonia,^and  afterwards  a  great  quantity  of  carbonate  of  ammo- 
nia, but  always  followed  by  moisture.  Afler  the  evoiutim  of  ihe 
volatile  bodies,  I  placed  the  retort  in  the  middle  of  burning 
charcoal^  and  there  was  produced  a  quick  and  brilliant  combus- 
tion,  as  with  the  hydrocyanate  of  iron  and  ammonia. 

Fifty  paitSt and  7-lOths  of  the  black  mass  which  reoMunedin 
the  retort  were  burned  in  a  small  capsule  previously  weif^hed, 

.  54*86  parts  of  red  oxide  of  iron  were  left.  This  relation  betweon 
the  weights  of  the  carburet  of  iron  and  that  of  the  oxide,  agrees 
preciilefy  with  a  tricarburet  of  iron  Fe  O' ;  for,  acoording  to 

.  calculation,  60*7  of  tricarbui^et  of  iron  ought  to  ^ve  54*89  pafts 
of  red  oxide  of  the  metal.  As  water  accompanijss  the  products 
of  the  decomposition  of  prussian  blue,  from  the  beginning  to  the 
end,  it  is  evident  that  the  affinity  of  iron  for  carbon  keeps  them 
in  a  fixed  state  of  combination,  and  consequently  the  propoition 
of  carbon  in  the  carburet  of  iron  obtained  by  the  decomposition 

.  of  prussian  blue  is  not  an  accidental  circumstance. 

b.  Hifdrocifamte  of  Iron  and  Copper.— This  compound  con- 
tains water,  l^aSdes  that  which  converts  it  into  hydrocyanate.  It 

fives  during  decomposition  much  water,  some  carbonate^  and 
ydrocyanate  of  ammonia.  The  phenomena  of  combustion  may 
be  produced  in  the  mass,  but  for  this  purpose,  a  very  high  teos- 
perature  is  necessary,  and  yet  it  is  not  very  brilliant*  The  resi* 
.  dual  mass  is  black,  and  possesses  the  external  characters  of 
those  already  described..  It  inflames  readily,  and  continues  to 
bum  by  itself;  27*7  parts  of  carburet  yielded  28*9  of  the  two 
oxides^  both  at  the  maximum  of  oxidation.  The  numbers  agree 
with  a  compound  of  an  atom  of  quadricarburet  of  iron  and  two 
atoms  of  bicarburet  of  co[)per;  that  is  to  say,  Fe  C*  -f  2  Cu  C*. 

7.  Hydroa/aiiatc  of  Iron  and  Cobalt, — If  this  hydrocyanate  is 
well  dried,  it  gives  only  a  small  quaiiuly  oi  water,  carbonate  and 
li^  Urocyanate  of  ammonia,  at  the  boiling  point  of  meicury.  Its 
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'  d^^  green  coAour  changing  at  the  same  time,  and  becomiiijf'Of 
•«^l%hter  gi'een.    At  a  higher  temperature  it  bliatbkeits,  gives 
uss^e '  ga$,  and  finishes  by  deflasratinr.    The  black  mass 
iippeM  to  be  Fe  C"*  +  2  Co  C*,  irf  whicL  a  small  quantity  of 
^itwMI  is*  accidenteliy  lost  by  the  {wesencie  ef  tm  indetenixioate 

•  ^ailtity  of  adhering  moisture. 

B.  Ci/aHUf9t  of  Merenr^  has  been  so  thorooghly  examined  by 
M^  Giy-Liissac  that  I  have  nothing  to  add,  excepting  that  the 
coaly  mass  which  remains  after  the  decomposition  of  this  cyanu* 
ip^is  dteiived  from  the  formation  of  caibuiet  of  mercury  daring 
the  deeomposition,  and  this  is  the  reason  why  the  cyanogen  is 

*  Hlwoys  mixed  with  azotic  gas.  It  is  this  carburet  which  renders 
the  mass  black,  «and  at  last^  when  exposed  to  a  high  tempent- 
tore,  the  mercury  is  volatilized,  and  the  charcoal  remains. 

'  *  There  is  also  a  double  cyanuret  of  iron  and  mercury,  or  rather 
Us  doable  hydrocyanate  of  protoxide  of  iron  and  deutoxide  df 
uiercury.  It  is  obtained  by  dropping  a  sofaition  of  corrosive 
aitblhnate  into  one  of  cyanuret  of  iron  and  potassimn.  .  A  white 
iMrebipitate  is  fbrmed  ;*  but  it  is  decomposed  not  only  by  ebdlli- 
iion,  which  causes  the.  cyanuret  of  mercury  to  dissolve,  and 
ieaves  that  of  iron  intioHible,  but  also  by  the  contact  of  the  air, 
whidi'  causes  the  i^anuret  of  iron  to  become  prussian  Mue ;  so 
that  1  have  not  been  able  to  obtain  it  in  a  dry  stale. 

9i.-'Gy€mir^i^  Iron^  and  Silver  becomes  bluish  by  exposoise 
to  a  fitue  too  much  during  drying.  It  is  a  cyanuret,  and  not  an 
hydrocyanate.  When  decomposed,  it  gives  at'  first  cyanogen, 
and  afterwards,  •when  the  cyanuret  of  iroh  begins  to  decompose, 
it  |;ives  azotic  gas.  The  phenomenon  of  combustion  occurs  at  a 
lower  temperature  than  with*  other  cyanurets.  The  residual 
ttlass  is  a  mixture  o?  metallic  silver  and  quadricatburet  of  iron, 
Aom.  which  the  silver  may  be  separated'  by  being  weU  tritu- 
tntedwith  menniry. 


On  the  Application  of  Jloward's  Fuhidnating  Mercury  to  the 
Discharge  of  Ordnance.  By  John  Deuchar,  MVVS.  Lectucer 
on  Chemistry  m  Edinburgh.  .  . 

"  •  '  •     (To  the  Editor  of  the  Annals  of  Philosophy/.) 

MR,  ■  Eiinburgh,  Ma rcM,  \S2t. 

I  HA  vE  just  read  a  communication  from  j^our  correspondent 
T.  N.  R.  M.  in  the  number  of  the  Annals  tor  tlli^.  month.  He 
seems  to  have  overlooked  that  part  of  my  paper  near  the  top  of 
page  91,  in  which  I  mention  that  I  had  used  fulminating  mercury, 

iVeu;  ISeries,  \oh*  1.  2  f 
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waaA  that  it  rent  asunder  tbe  steel  plate  at  the  top  of  the  nppij 
ratua  without  firing  the  gunpowder  at  the  bottom.  Howevefi  m 
iMisoggested  the  trial  of  different  proportions  of  the  fulminatiag 
mercury  with  sulpliur  and  charcoali  and  that  too  with,  the  know- 
ledge of  iiuxtuBeia  of  these  three  ingredients  haviog  been  used  in 
several  secret  experiments  some  time  ago  performed  in  Pans,  I 
hsive  repeated  my  experimeots  xvith  Howard's  fulminating  mer- 
cury weakened  with  th  e  above  two  inflammables .  I  first  tried  to 
•£ce  gunpowder  with  it^  through  flannel ,  at  the  bottom  of  the 
Mpanttus  (Plate  III.  fig.  1),  p.  89,  when  I  found  that  itootoidy 
4dia  Qottnfliame  the  gunpowder,  but  failed  completely  in  teariug^ 
4ir-evea  moving,  the  paper  at  the  bottom  of  the  tube.  1  neit 
tried  the  efiect  of  exploding  the  mixture  at  the  top^  when  the 
tube  presented  no  resistance  at  all  to  any  flame  that  miffht  past 
along,  bat  I  found  that  no  liglit  appeared  at  the  bottom,  iSthough 
I  performed  the  whole  in  a  dark  situation,  l^eii  shortened 
the  tube,  but  still  found  that  there  was  no  flame  sent  out  at  the 
«nd  ofit.  . 

In  some  of  these  experiments,  equal  parts  of  Howard's  fulmi- 
nating mercury y  sulphur,  and  charcoal,  were  used ;  in  others^ 

.two  parts  of  tlie  mercury  were  taken  to  one  part  of  each  of  the 
rtt^l;  and  m  others  again  the  propoi  lions  were  stiil  iuitiiei 
varied.         .  -         1  reaiaia,  yours  respectfully, 


Article  IX. 

'Notice  of  a  Paper  laid  before  the  Geolofj^irn/  Sncief  i/  on  the  Slrrtc^ 
lure  oj  the  Alps  and  adjoining  Parts  nj'  ( hr  i  untineut,  and  their 
Relation  to  the  Secondary  and  T r aits >t ion  Pocks  of  England, 
By  the  Rev.  W.  BnckKnid,  Professor  of  Mineraiogv  and  Geo- 
logy in  the  University  of  Oxford,  FEiS.  t  LiS.  MGS.  fiw:. 

Thk  detail  of  the  phaenomena  of  which  I  have  endeavoured  to 
include  a  brief  summary  in  this  pruspectiv  e  notice,  will  form  the 
subject  of  a  future  and  more  extensive  communication  to  the 
Geological  Society.  My  immediate  object  is  to  present  an 
abstract  of  the  leadinc^  points  of  resemblance  between  the  rocks 
of  the  Alps,  and  those  which  occur  in  our  own  coimtry. 

Of  the  primitive  alpine  rocks  that  form  the  central  axis  of  this 
most  elevated  and  most  important  mountain  chain  in  Europe,  I 
have  only  to  observe  that  they  present  such  an  identity  of  sub- 
stance and  circumstances  with  the  primitive  rocks  of  other  parts 
of  the  worlds  that  any  detailed  account  of  them  will  be  BDne^* 
cessary. 

But  with  regard  to  the  transition  and  aeeondagr  strata,  that 
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occur  in  these  same  elevated  reiiions,  much  difficulty  exists,  and 
much  error  prevails,  which  it  will  be  my  object  to  endeavour  to 
^#  away. 

The  term  transition  (tor  example)  is  applied  by  many  of  the 
first  geologists  of  the  Continent  to  a  class  of  uljjine  rocks  of  the 
same  ^e  with  thobe  which  in  England  are  jnrtlv  considered 
secondary,  and  which  ccmstitnte  the  new  red  sandft-tone,  or  red 
rock  marl  formation,  of  the  li^uirhsh  [^eoloi^ists  ;  and  tfje  aipine 
hmestones  which  liave  bet.n  supposed  to  have  pretensions  to  hig-li 
antiquity  will  be  found  on  closer  examination  to  be  contempora- 
neous with  the  maijnesian  limestone,  and  oolite  formations  of 
Eno  hind,  and  consequently  more  recent  tJian  our  great  coul  for- 
mation and  mountam  limestone ;  wilii  which  latter  its  name, 
.  external  aspect,  and  elevated  position,  would  at  hrst  seem  to 
associate  it.  it  will  be  found  moreover  that  the  mountain  lime- 
stone  and  great  coal  formation  of  England  do  not  occur  in  the 
Alps. 

The  tertiary  formations  also  constituting  the  molasse  and 
iiagclfltte  of  the  Great  Valley  of  Switzerland  have  been  mistakeik 
for  the  new  red  sandstone  beds  of  England. 

The  causes  of  these  mistakes  i  shall  point  out,  and  endea^ottr 
•  to  do  away  ;  they  consist  partly  in  the  enlarged  bulk,  and  parti^ 
in  the  want  of  distinct  features^and  of  tangible  character,  whida 
^accompany  all  secondary  strata  as  they  enter  the  Alps. 

1  shall  hope,  however,  to  prove  their  identity  with  English 
formations  by  the  evidence  of  actual  sections ;  and  to  show  that 
a  constant  and  regular  order  of  succession  prevails  in  the  alpine 
and  transalpine  districts,  and  generally  over  the  Continent|  and 
^tfut  this  order  is  the  same  that  exists  m  our  own  country.  But 
.tlMiigh  leferrible  to  the  same  system,  and  coeval  in  point  of  time, 
'fOid  conformable  with  respect  to  their  relative  order  of  soeces* 
•aion,  the  formations  of  England  and  the  Alps  are  much  disguised 
by  local  circumstances,  and  present  widely  varying  features*  the 
'axtremea  of  which  it  would  be  impossible  to  identity  without  the 
.  fortunate  interposition  of  certain  connecting  links  that  are  equally 
.fslated  to,  and  partake  equally  of,  the  characters  of  them  both. 
4  .  The  most  remarkable  raiomaly  is  the  total  absence  of  the 
English  mountain  lime  and  coal  formations ;  while  our  ooUte  and 
magnesian  limestones  (under  the  name  of  alpine  hmestones)  rise 
unto  the  most  elevated  crests  and  pinnacles  that  crown  the  sum- 
miLs  of  this  gigantic  chain.    The  following  are  among  the 
greatest  heights  which  they  occasionaiiy  attain : 

Feet 

Ortler,  in  Tyrol  •  14,466 

Jungfrau,  in  Switzerland  •  •  •  • .  12,872 

Dodi  Bei-g,  in  ditto  10,069 

Tiltis  10,000 

Diableretz   8,240  * 

JUent  de  Morde   7,600  . 

2f  2 


.  J  d  by  Google 


i 

0 

452        Prof.  Bucklandm  the  Structure  of  Uie  AlpSf  [Jiin>e, 

In  the  Pyrenees  also  we  find  the.  same  limestones  forming  the 
most  elevated  ridge  and  great  water  shed,  of  that  vast  chain,  aod 
nsing  in  Mount  Perdu  to  10678  feet,  and  in  the  Torre  de^Man^ 
hore  to- 10,260. 

These  alpine  limestones  inclade  nearly  all  the  caleareous  for^ 
mations  of  England^  from  the  jnagnesian  limestone  which  lie» 
next  above  our  coal  measures  upwards  to  chalk,  piled  on  each 
odier  without  any  subdividing  strata  of  clay  or  sand,  and^sll 
assuming  the  common  character  of  a  com|iai:t  grey  marble,  pos- 
sessing no  variations  by  which  one  part  of  the  formation  caabe 
distinguished  from  another.  And  such  is  generally  tbe  feaitore- 
fess  condition  of  the  great  calcareous  masses,  which,  ^tendidg 
fiom  the  Pyrenees  through'  the  south  of  France  by  Avignon  to 
Dauphinc,  stretch>  thence  uninterruptedly  through  Switzerland, 
Tyrol,  Saltzburg,  and  Styria,  to  the  mnube  below  Vieima;; 
while  on  the  .south  side  of'^tbe  central  Alps  a  similar  calcareous 
mass  extends  from  the  Lago  Maggiore  and  Como  throu^.  the 
Itahan  Tyrol  into  Croatia  and  Balmatja*  .  ^  . 

.  .  Fortunately  this  want  of  distinguishing  feature  is  not  universal; 
occasionally  spots  occur  in  which  the  strata  present  evidences 
which  identify  them  with  those  of  England,  and  throw  light  on 
die  history  ot  the  larger  and  less  distinctly  characterized  maaaes 
of  which  they  form /a  purt*  - 

The  general  structure  of  the  Alps  and  Jura  mountains,  and 
the  valleys  adjacent,  reduced  to  their  most  single  form,  may  be 
briefly  stated  thus : 

*  4 

1.  General  Structure  of  the  great  Alpine  Chain, 

'I  he  central  axis  of  this  vast  chain  extending  continuously 
aorth  eastward  from  Savoy  through  Switzerland,  Tyrol,  and 
Styria,  to  Presburg,  is  composed  of  primitive  rocks,  the  average 
breadth  of  which  is  about  60  miles.  In  contact  with  these  are 
•extensive  masses  of  transition  rocks,  but  their  presence  is  irregu- 
lar; and  when  they  occur,  there  is  nothing  in  the  external  features 
of  the  country  to  mark  their  junction  with  the  priuut  we  masses. 

This  central  ridge  of  primitive  and  transition  rocks  is  bounded 
on  each  side  by  two  vast  belts  of  alpine  limestone^  coextensive 
with,  and  coiUinuous  beyond  the  primitive  chain.  Tlie  elevation 
of  the  latter  sinks  gradually  as  it  advances  north  eastward,  till, 
near  Presburg,  it  drops  below  the  bed  ot  the  Danube,  and  on  the 
north  of  that  river  again  gradually  rises  to  form  the  chain  of  the, 
Weise  Gebirge  which  connects  the  Alps  with  the  Carpathians. 

The  lateraT belts  of  alpine  limestone  maintain  their  elevation 
more  constantly  than  thepnmitive  chain,  and  extend  themselves 
far  beyond  it ;  the  north  belt  stretchini]^  north-westwards  from 
Dauphinci  into  Languedoc,  and  to  the  Pyrenees,  and  the  south 
belt  south-eastward  bv  Carniola  into  Dalmatia. 

These  lateral  belts  are  divisible  into  two  systems,  the  elder 
aad  youpg^if  alpine  ]westonj£fi;  the  former  oontewporaneous 
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vniH  the  magnesian  limestone  that  rests  in  the  coal  foimafionof 
En^ancl,  and  characterised  by  containing  gypsum,  salt  and 
metallic  ores,  and  occasionaUy  beds  of  salif'eroiis  marl,  red  sand- 
stone, and  rouhwacke  ;  tlie  latter  entirely  destitute  of  all  these 
substances,  and  comprehending  beds  which  their  organic 
remains  and  superposition  to  the  elder  alpine  limestone  and 
occasional  structure  show  to  be  contemporaneous  with  the  lias 
and  oolite,  and  sometimes  green  sand  and  chalk  formations  of 
England.  The  chalk  seems  to  occur  only  on  the  Italian  side  of 
the  Alps,  near  Vicenza. 

These  beds  of  alpine  liiiir  stone  are  bounded  externally  by  the 
Tertiary  formations  of  the  Plain  of  Lombardy  on  the  south  ;  and 
by  similar  tertiary  formations  in  the  Great  Valleys  of  the  Danube^ 
and  of  Geneva  on  the  north. 

Internally,  they  are  terminated  by  two  precipitous  escarp- 
ments; one  on  each  side  of,  and  both  rising  towards,  the  central 
primitive  ndtj;e. 

Between  these  two  escarpments  there  are  detached  rido^es 
and  insulated  or  outlying  masses  of  the  sp.me  alpine  limestone 
covering  occasiooaliy  large  tracts  of  the  intermediate  primitive 
country. 

Note, — The  jgreat  north  .escarpment  produces  a  remarkable 
effect  upon  the  upper  courses  of  all  the  important  rivers  that 
rise  on  the  north  side  of  the  central  watershed  of  the  Alps,  i.  e* 
the  Iserre,  Rhone,  Rhine,  Inn^Salza,  andEnns. 

Most  of  their  tributary  streams  take  origin  in  the  central'pti* 
mhive  ridge,  and  descend  northwards  till  they  meet  the  gretft 
escarpment  of  the  alpine  limestones.  On  approaching  this,  thejf 
are  suddenly  deflected  nearly  at  right  angles  to  their  fonaer 
direction,  and  run  Under  it  from  50  to  100  miles,  till  some  gorge 
or  fracture  in  the  limestone  allows  them  to  escape  into  the  mmns.. 
'  The  above  .rivers  enter  their  gorges  at  the  following  plapes.* 
The  Iserre  at  Grenoble.    Rhone  at  St.  Maurice.   Rhine  at 
Sargans.   Inn  above  Kufstein.   Salza  at  Werfen.  .Emm  ,at 
Hi&n,  10  miles  north  of  Eisenertz,  in  Styria* 
.   The  extent  of  their  course  under  the  escarpment.is  as  fdUowsi 
'  Iserre  from  Conflans  to  Grenoble. 
'  Rhone  from  the'Furka  to  St.  Maurice. 
'  Yorder  Rhine  from  its  source  to  Coire. 

Inn  firom  Landek  to  Inspnick  and  Kufstein. 
'  The  course  of  the  Upper  Saka  is  not  in  the  valley  inunediately 
subjacent  to  the  limestone  escarpment,  biit  in  a  parallel  valley 
of  priinttive  rocks  at  no  great  distance  to  the'soutn  of  it. 

Some  minor  rivers  between  this  valley  and  the  escarpment  are 
similarly  affected  ]yy  it,  and  escape  by  minor  gorges. 

Enns  from  Radstadt  to  Hiiiau. 


The  south  calcareous  belt  appears  to  dip  (at  least  at  its  west 
4^xtremity  near  Como  and  Verona)  towards  the  plain  of  Lom- 


.^.d  by  Google 


4S4       Vfof.  Buvkiaitd  m  ike  SiructMre  of4ke  Alps,  [J  oils, 

Iwi^y  and  stok  beneath  the  tefliary  fonmitioiis  of  the  hmmM 
the  Po;  while  the  north  oalcareom  liel^  being  dttpoeedinakind 
of  trough' shape,  has  a  double  dtp  aad  doume  eacaxpment,  dijK 
pin^  northwards  .along  its  line  of  junction  with  the  central  prn 
aitive  chain,  but  changing  its  inclination,  and  again  rising  with 
an  highly  elevated  escarpment  also  towards  the  north,  alon^  the- 
Kne  of  its  termiuatiou  in  the  Valley  of  the  Danube  and  of  Swit» 
lerland. 

At  the  foot  of  this  north  escarpment,  the  limestone  rests  gene- 
rally on  a  basis  of  oreywacke,  dippint;  southwards  under  the 
limestone  towards  the  central  Alps,  and  being  oiien  muck  dm- 
torted  and  even  vertical. 

The  same  greywackt'  appears  irregularly  along  the  base  of  its 
south  escarpment,  and  may  be  seen  at  Werfen,  60  miie:>  ua  the 
south  of  Saltzburg.  '  " 

The  south  calcareous  border  rests  sometimes  immediately  on 
primitive  slate  without  the  intervention  f  it  any  transition  rocks, 
but  more  frequently  upon  an  extensive  depobit  of  red  sandstone, 
red  conglomerate,  an(l  |)orphyiy,  which  are  considered  as  belong** 
ing  to  the  tiausiiion  formation  by  Brocchi  and  most  writers  on 
the  Alps,  but  which  appear  to  be  contemporaneous  with  the  new 
led  sandstone  formation  of  England. 

The  following  order  of  succession,  founded  principally  on  the 
rocks  tliat  occur  in  Switzerland  and  the  Tyrol,  may  be  considered 
as  a  type  of  the  general  structure  of  the  Alps  and  valleys  adjaw 
cent  to  them.  I  shall  arrange  them  m  classes  accordingf  to  the 
names  by  which  they  are  generally  known  on  the  Coatnient,  and 
point  out  the  analogies  which  the  component  members  of  eai^ 
elaas  bear  to  the  strata  of  England. 

1«  Tertiary  Formations, 

These  formations  are  principally  composed  of  strata  of  sand, 
aandstone,  clay,  and  limestone,  of  nearly  the  same  age  with  the 
formations  at^ove  the  chalk  in  the  basins  of  London  and  Pari^ 
and  containing  subordinateW  beds  of  marlstone  and  coal,  in  both 
of  which  are  occasionally  found  freshwater  shells.  The  sand* 
stone  and  conglomerate  constitute  the  molasse  and  nagelflue  of 
Switzerland,  and  their  order  of  succession  is;  1.  or  uppermost^ 
naffelflue ;  2.  freshwater  formations;  3.  molasse.  The  tnickness 
of  1  and  3  is  from  3000  to  4000  feet.  The  occurrence  of  fVesh- 
ivater  formations  is  partial,  and  their  thickness  not  considerable. 

The  molasse  and  nagelflue  occupy  the  Great  Swiss  Valley 
ottending  from  tbe  Lake  of  Geneva  to  that  of  Constance,  from 
'  whence  they  continue  down  the  Valley  of  the  Danube  into  the 
plains  of  Hungary  and  Transylvania :  they  are  occasionally 
accompanied  by  limestone  that  bears  a  strong  resemblance  to 
the  calcaire  grossier  of  Paris. 

II.  Younger  Alpine  LimesLom* 

1.  Ckmik,  aasning  the  iomL  of  hard  -wmfmA  lum^Mim 
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pMslng,  as  in  Lincolnshire,  from  brick-red  to  pure-white  colour, 
foA  contftininff  nodules  of  bluok  flint,  occuite  in  the  Subalpine 
Bills  of  the  VkMtino  oa  the  north  of  Vlcenza  and  Verona,  i^id  , 
it  Uonteselice  near  Padoa. 

2.  Gr4eH.  Sand^—D^xk  sandy  limestoney  interspersed  witl^ 
gnains  vof  green  earth,  and  o«Hitaining  i^andantly  the  same 
organic  remains  with  the  green  sand  forn)atioia  of  Et^landj 
especially  that  near  Folkstone.  It  occupies  a  considcsrable 
tateot  in  Sa?oy  and  Switzerland,  where  it  rests  on  oolite,  an4 
eoostitiites  the  most  recent  beds '  of  the  younger  alpine  lime* 
stone,  forming  the  summits  of  the  Varens,  Buet,  Dent  da 
Morole,  and  Diableretz  mountains,  at  an  elevation  of  7000  or 
8000  feet,  and  ranging  in  a  line  parallel  to  the  central  primitive 
chain  of  Mont  Bianc  across  Savoy  from  the  valley  of  the  Arv© 
to  that  of  the  Rhone. 

3.  Oolite,  or  Jura  Limestone, — The  two  principal  vane- 
ties  of  this  formation  are:  1.  A  compact  grev  marble;  2.  A 
granular  oolite  ;  the  latter  occurs  abuiidautly  in  the  Tyrol, 
iii  the  valley  of  the  AdiLi;e  below  'i'rent,  and  occa^^ionaily  lu 
the  ISallzburg  mountauis ;  the  iuruier  prevails  iu  Switzer- 
land, and  generally  through  the  Alps;  near  Aigle,  on  the 
south-east  of  Vevey,  it  assumes  the  character  of  red  com-t 
pact  marble  isimilar  to  that  of  Saltzburg;  and  at  lloche,  in 
tht:  same  neighbourhood,  it  is  lull  of  organic  remains  resem- 
bling those  of  the  English  coral  rag;  but  from  the  compact 
nature  of  the  matrix  in  which  tliey  are  imbedded,  these  are 
visible  only  on  the  surface  of  the  weathered  blocks.  This  last 
observation  may  be  applied  also  to  a  large  proportion  of  the 
younger  alpiiie  limestone  bed>;  in  the  Tyrol  and  Saltzburg,  m 
"which  the  organic  remams  are  ibr  (he  most  part  concealed  by  , 
the  extreme  compactness  of  the  stoiie  ;  but,  when  apparent,  are 
referrible  to  Llie  same  classes  with  the  oolite  fossils  of  England. 
Such  remains  are  distinctly  visible  at  Nafels,  nearGlorys,in  Swit- 
zerland, and  at  Halstad,  in  Saltzburg;  where  also  the  iimjestone 
becomes  partially  oolitic. 

4.  Lias.— -The  lias  (like  all  the  other  formations  in  tiie  Alps) 
is  destitute  of  its  alternating  beds  of  clay,  but  maintams  its  posi-r 
tion  between  the  oolite  and  new  red  sandstone.  At  the  salt 
mines  of  Bex,  it  reposes  immediately  on  the  upper  bed  of  salife- 
rous  gypsum,  where  it  is  a  dark-blue  compact  limestone,  and 
contains  ammonites,  nautilites,  terebratulites,  and  many  bivalves 
identical  with  those  of  the  lias  of  England. 

At  Halstad,  it  occupies  a  similar  position  between  the  oolite 
and  red  marly  sandstone  that  covers  the  saliferous  limestonei 
and  is  full  of  ammonites,  belemnites,  and  other  lias  fossils.  At 
Seefelden,  near  Insprnck,  it  contains  fish  similar  to  those  which 
occur  in  the  English  lias  at  Lyme  Regis.  And  at  Mischelle, 
near  Tienty  it  may  be  seen  diviiung  the  oolite  ftom  the  red  tamk 
ladi  — w  iTid  BMMistiiMii 
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Magnesian  Limestone  of  England. — The  thickness  of  this 
formation  in  the  Alps  is  very  considerable,  and  we  must  refer  to 
it  a  large  class  of  rocks  which  are  placed  by  lirocchi,  CharpeD- 
tier,  and  other  writers^  among  transition  limestones.    Mr.  Kbel 
has  lately  proposed  to  call  thera  by  the  name  of  Hochgebirgs 
Kalkstein  (high  mountain  limestone)  from  the  great  elevation 
they  usirally  attain.  Tiie  hmestone  is  here  and  there  precisely  of 
the  same  character  with  the  English  nxagnesian  limestone  ;  but 
in  general  it  is  less  abundantly  charged  with  that  earth  than  it  is 
with  us,  though  it  presents  at  intervals  nearly  all  the  varieties 
that  attend  this  formation  in  England  and  Germany.    Its  pre- 
vading  character  in  the  Alps  is  a  dark  compact  limestone,  not 
easdy  distinguishable  from  the  compact  younger  alpine  lime- 
stone vv  jii\(  >ut  the  aid  of  its  occasional  metallic  contents,  and  of 
the  subordinate  beds  that  occur  in  it :  the  latter  are  refen  ible  to 
the  following  strata  of  the  magnesian  limestone  iormation  that 
are  well-known  in  Germany. 

1.  Zechstei/t. — Dark  compact  stratified  limestone  sometimes 
much  charged  with  silex,  alumine,  or  bitumen.  Localities  :  Ax- 
en  burg,  on  Lake  Lucern,  north  border  of  Lake  Walienstedt, 
Ischell  salt  mme  m  Saltzburg. 

2.  Asche. — Dark  grey  limestone,  of  minute  sandy  grain, 
rough  to  the  touch,  and  diM  ornposing  to  loose  powder,  resem- 
bling ashes.  Us  most  couipact  vaneties  are  often  split  into 
^mnW  angular  fragments,  which  are  reumted  into  an  irregular 
breccia. 

Localities :  Pass  of  Guncles  under  Galanda  Berg  on  the  west 
of  Coire,  in  Switzerland.    Heichenhall  salt  springs  in  Saltzburg. 

3.  Rouhwacke, — ^A  brecciated  limestone  composed  of  an 
agglutination  of  angular  fragments  of  dolomite,  not  rolled,  but 
formed  apparently  during  tne  consolidation  of  the  compound 
rock  in  wnich  mey  are  inclosed.  The  fragments  are  moie 
loaded  with  magnesia  than  the  matrix  in  which  they  lie;  they  ?afy 
in  colour  fhim  yeUow  to  red,  have  a  pearly  glimmering  aspect 
and  decompose  spontaneously  to  a  yellow  powder,  leaving  small 
angular  cells  ;  the  intercellular  substance  forms  a  hollow  rugged 
mass,  to  which  the  term  rouhwacke  (roughstone)  has  been 
applied  in  Germany* 

This  variety  is  usually  found  near  the  deposits  of  salt  and 
gypsum,  and  also  in  the  beds  of  asche  and  zechstein. 

,  Localities :  Bex  Salt  Mine.  Leisigen  on  Lake  Thun,  Weiss* 
tannen,  near  Lake  Wallenstadt.  Mischell,  near  Trent,  on  the 
Adige.    All  the  Rock  Salt  Mines  of  Tyrol  and  Saltzburg. 

4.  Rogensiein  (Roestone).^ — ^An  ooUtic  form  of  magnesian 
fimestone^  well-known  in  the  Thuringervald,  and  which  has 
often  been  mistaken  for  the  English  oolitu,  er  Jura  lunestose, 
fasit  diiRm  from  it  in  being  of  much  higlm  antiquity  as  itAm 
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iR  '  chtracter  and  eoupomtion.  The  Jam  and  English  oolte 
bttng  usualty  of  a  light-yeHow  colomr,  inclining  to  white ;  whila 
the- rogeastein  is  of  adark-browa  colour,  passing  to.-dall-ved :  its 
oolitic  concretions  are  of  concentric  structure,  and  vary' in  size 
ficom  minute  grains  to  that  of  a  large  bean.  In  England  they 
attain  the  magnitvidt  of  a  cannou-ball  at  Sunderland  near  Neni^ 
castle,  and  are  ut  a  lighter  colour  than  m  Germany. 
.  Locahties  :  Hall  Salt  Mines,  near  Inspruck  ;  near  the  bridge 
of  St.  Maurice,  in  Switzerland  ;  Bridge,  three  miles  south  of 
JteichenhaiJ,  in  Saltzburg,  on  the  road  to  Bertolsgarteu. 

All  these  varieties  of  the  magnesian  limestone  formation,  or 
elder  alpine  limestone,  lie  in  the  midst  of,  and  oilenpass  into,  a 
dark  compact  crrey  limestone.  In  the  same  limestone  there 
occur  also  subordinate  masses  of  dark  blue  shale,  and  of  red 
sandstone;  these  may  be  seen  in  all  the  salt  niuies  of  Tyrol  and 
Saltzbun;,  where  they  have  masses  and  ven^s  of  salt  and  gypsum 
dispersed  throughout  their  substance.  The  $^vpsum  is  usually 
attended  with  much  anhydiite,  sometimes  forming  (as  at  Bex) 
the  larger  portion  of  the  entire  mass.  The  2:ypsum  is  often 
destitute  of"  salt,  but  the  salt  rarely  (if  ever)  occurs  unattended 
by  gypsum.  Deposits  of  gypsum  occur  abundantly  ni  other 
strata ;  but  salt  seems  to  be  confined  exclusively  to  the  compo- 
nent rocks  of  the  magnesian  limestooe  and  new  red  sandataDS 
formations. 

.  Localities  of  salt:  Hall,  Halstadt,  Halheim,  Aufsee,  Bex. 
'8ait  is  known  to  occur  in  Swttaoiand  only  at  Bex  $  but  the 
*  gypsum  extends  from  thence  north  eastwards  in  a  line  parallel 
to  th3  central  chain  to  Leia^en.on  Lake  Thun  by  the  valleys  of 
Galeigy  Ander  -Luc,  Lauenen,  and  Adelboden.  it  is  found  akci 
on  the  south-west  of  Bex- at  Val.de  Lie  and  other  -places  on  tha 
continuation  of  the.  same  line  through.  Savoy^  south  westward* 

IV*  Transition  Rocks. {improperly  so  called,) 

iUteraating  with  the  lower  members  of  the  magnesian  lime-^ 
atone,  and  interposed  between  them  and  the  true  transition  rocks 
k  an  important  deposit  which  must  be  separated  from  the  latter 
olaas^  and  placed  with  the  new  red  sandstone,  and  new  red  sandU 
alone  conglomerate  of  Bngland,  although  ranged  amone  trani^-- 
lion  rocks  by  most  writers « on  the  Alps,  and  oy  Broecni  in.laa 
Account  of  ttke  Val  di  Fasaaj^  in  Tyrol* 

This  alpine  formation  admits  of  subdiwioa  into  *  three  Tarior 
ties:  L  New -.red  sandatom;  2«  New  red  consbmeiate  of 
England,  or  old  red  sandstone  of  Werner ;  3.  Porphyry. 

1.  New  Red  Sandstone,  or  Banter  Sandstome  of  Wenwr.-f-Tha 
component  beds  of  this  formation  are  seen  to  great  advantan 
in  the  Valley  of  the  Adige,  10  miles  north  of  Trent,  and  in. the 
'Valley  of  the  Arisio,  which  descends  from  the  Val  di  Fassa  into 
that  of  the  Adige  in  the  sauic  neighbourhood.  In  both  these 
vaQeys  tb€^;pecnpy  tiue.lower  jregipos  oi  mouutaios,  whose  auior 
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nti  ftr«  compoaedr  of  alpine  Ikneitone :  their  ordinaiy  form  is^ 
slaty  micaceous  sandstone,  resembtin^red  grey  wacke,alteftiatiBg 
with  beds  of  marly  sandstone  and  red  marl ;  in  the  two  latter, 
there  occur  abundantly  beds  and  nodules  of  gypsum,  and  of 
yellow  sandy  magnesiiin  limestone.  A  similar  deposit  of  red 
marlv  sandstone  may  be  well  seen  at  llalatad  betweeu  llie  sali** 
ferous  fjypsum  and  lias.  ' 

In  Switzerland,  the  usual  state  of  this  stratum  is  more  cam- 
pact,  toi  iiiing  a  hard  micaceous  slaty  sandstone,  resembling  red 
greywacke  slate,  and  variegated  with  spots  of  green,  it  occu- 
pies a  very  considerable  extent  in  this  country,  running  in  a  line 
parallel  to  all  the  other  great  formations  from  Notre  Dame 
D'Abondance,  in  Savoy,  to  the  Valley  of  the  Rhine,  on  the  east 
of  Glarus,  and  bcins:  visible  in  the  iJieder  Simmen  Thai  on  the 
south-west  of  Thun  ;  in  the  Melch  Thai,  near  Lake  Sarnen  ;  in 
the  Valh  y  of  Unterchachen,  near  Altorf ;  at  Schwanden.  in 
Glarus  ,  and  at  Weistnnnen  and  Mels,  near  Sargans,  above  the 
head  ot  the  Lake  of  Wallenstadt.  Laro^e  blocks  of  it  have  been 
idrifted  down  from  this  last  named  district  over  the  hills  of 
tertiary  formation  that  border  on  the  Lake  of  Zurich.  It  occurs 
also  in  the  same  compact  slaty  form,  accompanied  by  gypsum, 
and  lying  above  greywacke,  at  Werfen,  m  the  Tyrol,  60  milea 
en  the  south  of  Saltzburg. 

2.  Nev)  Refi  Conglomerate  {old  Red  Sand;^fone,  or  Rathe  Todtt 
JLiegeude  of  Werner). — As  in  England  and  Germany,  so  also  in 
Switzerland,  and  the  Tyrol  :  the  lower  strata  of  the  new  red 
sandstone  formation  pass  into  a  coarse  conglomerate,  containing 
fragments  of  the  adjacent  rocks  older  than  itself,  nnlted  bv  an 
erQallaceoas  or  silieeons,  and  sometimes  l)y  a  semiporphyritic 
cement.  The  same  characters  which  this  rock  presents  near 
Rxeter  and  Teignmouth,  in  Devonshire,  and  at  the  base  of  the 
Thuringer-vald,  in  Germany,  are  maintained  by  it  in  the  Alps. 
It  occurs  in  Italy,  near  Lugano  ;  in  the  Tyrol,  near  Botzen,  and 
Oavalese  ;  and  in  Switzerland,  in  the  Mount  Neisen,  near  Lake 
Than ;  and  at  Schwanden,  in  G|ani8»  The  relative  position  of 
this  conglomerate,  and  the  new  ted  aandetone,  may  be  seen  to 
•dnmtajge  in  the  steep  sides  and  escarpments  of  the  Glarus 
nMMmtains,  between  Schwanden  and  Matt,  where  they  appear 
beneath  weil  dwracterized  strata  of  the  elder  alpine  hmestoae 
formation^  and  incumbent  on  true  transition  rocdLs;  i.  e.  tfae 
greywaeke  and  eveywaeke  slate  of  Blattenbutg. 
«  3.  }^ew  SUdrofpkyry. — In  Switieffland^  the  conglomerate  ef 
Schwanden  Memt  aimoet,  but  not  quite,  to  paat  into  the  state  of 
new  red  porphyiy,  its  ceuent  and  many  of  its  concretions  being 
iMperlectiy  eiyatalline ;  but  no  deeidea  porphyry  of  Ihie  fonna* 
lien  occurs  on  the  notth  frontier  of  the  eentral  Alps.  On  tlMir 
sdtttli  eide,  however,  near  Botzen,  there  is  anextttaatTe  laogedT 
kiw«Mmtaiiit,  coHipeaed  exclnivfely  of  tUa  porphyiy*:  il  ma;f 
Meat  lapawng  eiiiiie  ae<r.ii<4»ngkaMWia  ly4Bwmiai  iiii 
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on  ibe  sooth  of  ClauBeo ;  and  covered  hy  the  same  condomerate 
and  by  new  red  sandstone^  on  the  eottth  of  Botaeen,  from  Nen 
If  arkty  in  die  Vallef  of  the  Adige^  to  Cairaleaei  in  the  VaBeyof 
Hm  Aviaio. 

•  Aion^  this  line  the  porphyry  seema  Co  pass  inaenaibly  into  the-' 
conglomerate,  each  oontaiRin^  ooeasionalty  subordinate  masses* 

of  the  other,  and  both  presenting  features  which  seem  to  induce 
VIS  to  refer  them  to  a  contemporaneous  origin ;  i.  e.  to  consider 
the  p  ji  phyry  a  crystalline  fonn  of  the  same  matter  which,  in  its 

coarsei-  state,  constitutes  the  red  uarthy  cemeaL  of  the  pebbles 
COiiipnsino-  tiie  coriglomei'ate. 

•  This  conclusion  is  borne  out  by  similar  phenomena  in  the  same 
£ormatioQ  in  England^  Scotlaad^  and  Ireland. 

y.  Traimtion  Rocks  (properli/  so  called),  ^  .  i 

Transition  rocks,  identical  in  every  respect  with  the  grey- 
wacke  and  grey wacl^e  slate  of  England  and  Germany,  occur 
,  abundantly  in  tlie  upper  part  of  the  Valley  of  Giarus,  lying 
beneath,  and  possessing  very  different  characters  from  the  new 
red  sandstone  and  cono^lomerate  beds  which  are  usually,  but 
improperly,  called  transition  rocks. 

.  The  slate  quarries  of  Blattenburg,  well  known  for  their  fossil 
lish,  lie  m  a  calcareous  variety  of  this  greywacke  slate,  which 
alternates  with  decided  granular  greywacke.  The  same  transi- 
tion formation  extends  from  thence  to  the  Valley  of  tlie  Tamina, 
above  the  baths  of  Pf<eflr«-rs,  and  the  mountanis  that  flank  each 
aide  the  Rhme  for  10  nules  north  of  Coire,  where  also  the  slate 
fipequently  becomes  calcareous. 

M.  Brochant,  in  his  paper  on  the  Tarentaise  and  Upper  Dis- 
tricts of  the  Iserre,  in  Savoy,  has  described  with  much  accuracy 
a  considerable  extent  of  similar  transition  rocks  on  the  sonth- 
west  of  Mont  Blanc,  passing  from  fine  greywacke  slate  through 
various  kinds  of  greywacke  to  coarse  conglomerates,  some  con- 
taining calcareous,  others  siliceous  and  granitic  fragments. 
Coeval  and  connected  with  the  latter  is  the  famous  conglomerate 
of  the  Vallorsine  described  by  De  Sausaurei  being  a  pudding- 
atone  of  the  highest  antiquity,  with  fragments  of  gneiss,  granite, 
and  clay  slate :  these  tranauion'  oonglonoeratea  alternate  with 
micaceoua  elate^  e^rpentine,  and  quartz  rocks ;  and  are  totaiiiy 
diiFercnt  in  appearance,  as  well  as  antiquity,  from  the  new  red 
sandstone  conglomerate  of  Schwanden. 

'  We  have  analogous  formations  in  this  country  in  the  conglo- 
meratea  which  in  Pembrokeshire  and  near  Killarney  alternale 
with  greywacke  and  greywacke  slate.  The  old  red  aaadstone 
of  England  is  nearly  connected  with  these  last  mentioned  cob>^ 

emomtes,  being  mtermediate  between  them  and  the  mountain 
eatone,  and  separated  by  no  strong  line  from  the  greywacke 
Ibmation,  to  which  it  is  conaideied  as  belonging  whenever  it 
mnmm^  the^Cnwtinmit.   
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Primitive  Rocks* 

Of  the  primi tire. rocks  that  form  the  central  axia.of  the  Alps, 
I  have  only  to  remark  at  present,  that  in  conseqaeQO««of  the 
transition  rocks  being  in  many  places  totally  mnting,  they  often 
come  into  immediate  contact  with  the  secondary  strata. 

Trap  Mocks. 

There  are  no  traces  whatever  either  of  trap  rocks,  or  whin 
dykes,  . in  the  Alps  of  Savoy,  Switt^land,  - or  Tyrol,  alone  the 
entire  north  side  of  the  great  primitive  ridge  from  Mont  &ane 
to  Presburg.  Bnt  on  the  south  side  of  .it  inTyrol  they  .occur,  in 
considerable  force  at  the  Val  di  Eassa  on  the  east  .of  Botaen 
under  circumstances  of  singular  resemblance  to  the  trap  rocks 
and  whin  dykes  of  Scotland,  and  the  north  of  Ireland. 
.  ;An  excellent  mineralogical  account  of  this  district' has  been 
men  by  Prof,  Brocchi,  of  Milan.  .The.  trap  protrudes  itself 
tuough  primitive  rocks,  new  red  sandstone,  and  Alpinie  Jime- 
st<mes,  both  in  the  form  of  smalt  dykes  and  irregular  masses : 
tbe  latter.swell  into  mountains  of  great  elevatiim  at  the  upp^ 
extremity  of  the  Val  di  Fassa,  above  Vigo ;  and  in  the  Sieg^ 
Alp  close  adjoining;.  '  They  abound  in  weU  crystalliieed  minerals, 
chiefly  of  the  zeolite  family,  which  bear  a  strong  resQmblattQe 
to  thoee  of  the  .neighbourhood  of  Glasgow.  In  both  countriee 
also  the  rock  itself  comes  much  into  contact  with,  and  cuts 
through  strata  of,  the  new  red  sandstone  formation.  A  similar 
mass  of  trap  occurs  also  cutting-  the  Alpine  limestone  of  Monte 
Baldo  on  the  Lago  di  Garda,  where  it  is  remarkable  for  contain- 
ing veins  and  iioiUiles  of  the  green  earth  of  Verona,  a  substance 
which  probably  derives  its  colour,  if  nut  origin,  from  the  dticoui- 
position  of  pyroxene. 

Not  far  south  iVonii  Fassa,  on  the  border  oi'the  plani  of  Loni- 
bardy,  is  a  istiU  more  extensive  furnuition  of  trap,  which  occupies 
large  tracts  in  the  \  icentino,  the  Moute  Beiici,  and  Euganean 
Hills. 

In  these  districts,  basaltic  dykes  cut  through  rocks  of  all  ages, 
from  the  mica  slate  of  Recoaro  to  the  Calcaire  Grossier  of 
Monte  liolca  and  the  Monte  Berici ;  and  amorphous  masses  of 
trap  protrude  themselves  into  and  through  these  same  forma- 
tions, so  as  to  appear  lu  different  points  both  to  lie  under  and 
over,  and  to  alternate  with  them  all.  In  the  Euganean  Hills, 
the  trap  has  been  said  to  coatain  marine  shells;  and  hence  an 
argument  has  been  taken  against  its  igneou-s  origin.  But  these 
remains  occur  only  in  a  species  of  basaltic  tuf,  or  res^enerated 
trap  being  a  conglomerate  rock  composed  of  minute  Iragiaents 
of  trap,  mixed  with  marine  shells  of  the  same  character  with 
those  that  fill  the  strata  of  Calcaire  Grossier  w  ith  which  these 
trap  conglomerates  alternate.  Similar  shells  are  found  on  the  , 
south  of  Turin  at  the  base  oi  the  iSub^Apenniaes^in  .a  .breoctfi 
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eompoBed  of  fragments  of  serpentine^;  and  in  Hungaiy  also  m 
an  analogous  breccia.coinposed  of  fragments  of  volcanic  rocks. 

Althoitg[h  no  trap  rocks  occur  between  tbe  central  Alpme 
Bidge  and  g^reat  Valley  of  the  Danube,  yet  small  portions  of  it 
occur  on  the  nbilh  border  of  this  valley  at  Hoent  Wyl,  near 
Schaffhausen,  and  agon*  at  Uiacb,  in^tfae  Rouh  Alp,  on  the 
noith*west  of  Ulm. 

Its  extent  a  little  farther  nortb  in  Saxony  and  Bohemia  is  too 
notorious  to  require  mention. 

JcuA  Chain. 

The  general  history  of  the  Jura  Chain  may  be  stated  more 
briefly  man  that  of  the  Alps,  from  which  it  is  separated  only  by 
the  great  valley  of  Switzerland,  extending  from  Geneva  tor  Gon» 
stance;  and  beinff  in  fact  only  the.  continoation  of  the  upper 
extremity  of  the  Valley  of  the  Danube^.and  like  it  composed 
almost  exdusiyely  of  strata  of  tertiatr  formation.- 

.  llie  Jura  Chain  runs  in  aline  parallel  to  that  of  the  Alps^.and 
of  this  great  valley  from  Nantua,  on  the  N£  of  Lyons,  to  aenii^ 
chatel  and  Scbaflfhausen  ^  from  whence  its  prolongation  thcough 
tiie Rouh  x\lp  on  the  south  of  Sw;«)bia  connects  it  with  Nuremburg^ 
and  the  great  calcareous  masses  of  the  centre  of  Qermaiiy. 

Its  dip  is  toward  th^\ Alps,  plunging. under  the  molasse  and 
Bagelfiue  of.  the  gveat  valley  abo^e-mentioned.  Its  escarpment 
rises  NW  towards  die  primitive  and  transition  rocks  of  the 
Black.  Foresty  and  the  Vosges.  Its  component  formations  are^ 
beginning  with  the  lowest,  new  red  sandstone,  magnesian  lime- 
stone, lias,  and  several  varieties  of  oolite;  on  these  latter aie 
dispersed  some  irregular  patches  of  freshwater  formation  an4 
ligaite.  Its  most  obvious  and  most  abundant  rocks  are  beds  of 
oolite,  reserobling.that  of  tbeCotswoldHills  and  neighboudioodof 
Batii;  and  the  term  Jura  limestone  has  been  apphed  most 
usually,  and  with  most  propriety,  to  this  variety  of  its  component 
rocks,  particularly  in  the  case  of  the  oolites  of  France.  But  in 
Germany,  many  rocks  which  belong  to  the  magnesian  limestone 
formation  have  been  confounded  with  the  true  oolite  from  the 
circLunstance  of  their  analogues  having  been  observed  in  the 
Jura,  and  the  Jura  being  erroneously  considered  to  contain  but 
one  formation.  The  upper  beds  of  tlie  Jura  Chain  lying  above 
its  oolite  assume  the  ordinary  compact  i'orm  of  younger  Alpine 
limestone,  as  may  be  seen  at  Schatfliausen ;  and  coniirm  the 
optmon  that  the  oohte  formation  is  a  component  portion  of  the 
younger  Alpine  Umestone.        .  .  •  '  '         .      .  » 

.Thr££  Gr£at  Valleys  bordering  on'tue  Alps.  ' 

!•  Vallei/ of  Switzerland* 

The  position  of  the  Great  Valley  of  Switzerland  between:  the 
Alps  and  Jura  Chain^  and  parallel  to  both  of  them,  has  been 
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dbeady  deasiibed.  It  is  oompossd  eKcltisiveljr  of  Uirtiaiy 
ttoata;  i*  e.  magelflue^  molasse,  and  freshwater  formations. 

Hiese  probably  rest  (on  their  NW  side  at  leant)  on  the  prolon- 
gattoii  of  the  upper  beds  of  the  Jtnna  Chain  dipping  tomsMi  tfe 
Alps  4 

The  same  Tertiary  formations  extend  on  from  Switzerland 
*into  the  Valley  of  the  Danube,  along  which  they  continue  east- 
ward, with  two  partial  interruptions  near  Vienna,  into  the  great 
plains  ui  Hun'^ary  and  Transylvania. 

The  south  frontier  of  this  Valley  from  Switzerland  to  Vienna 
is  formed  bv  the  A  Ins.  Its  north  border,  bv  the  contmuation  of 
the  Jura  into  the  R  )uh  Alp,  and  afterwards  by  the  granitic  rocks 
whi(  h  are  connected  with  the  great  pnuntive  mass  of  the  south 
of  }k)!iriMio ,  and  run  in  a  line  nearly  parallel  to  the  Danube 
from  Ratisbon  to  Lintz  and  Melk.  It  is  probable  that  the  fua- 
damentnl  rocks  of  this  great  valley  are  transition  and  primitive, 
since  the  latter  are  seen  emerging  from  beneath  the  tertiary 
formations  along  great  part  of  their  north  frontier.  While  on 
their  south  border  from  Saltzburg  nearly  to  Vienna^  they  repose 
•immediately  on  transition  rocks. 

3.  Vaiiey  of  the  Po, 

The  central  portions  of  the  Valley  of  the  Po  are  so  completely 
covered  by  gravel,  that  we  can  only  form  conjectures  as  to  the 
rocks  that  he  immediately  beneath  it.  But  as  the  first  strata 
that  afipear  on  the  edges  of  this  gravel  are  referrible  to  tertiary 
formations,  it  is  probable  that  their  prolongations  stretch  across 
from  the  base  of  the  Alps  to  that  of  the  Apennines. 
.  Their  position  and  character  in  the  Subapennine  Hills,  has 
been  well  described  by  M.  Brocchi ;  tbev  may  be  seen  to  great 
advanhige  on  the  south  of  Parma  and  Placentia  resting  on  the 
transition  limestone,  greywacke  and  seiipentine  of  the  Apennines. 

On  the  north  flank,  they  are  admirably  display  odi  in  tne  Subat-^ 
pine  Hills,  near  Verona  and.  Vicenza.  And  at  the  western 
extremify,  they  form  coniBiderable  hills  on  the  right  bank  of  the 
Po,  *  immediately  east  of  Tarin :  the  hill  of  Superga,  near  Turin^ 
-is  a  remarkable  point  on  this  formation. 

'Thefollowing  Tabular  Arrangement  of  thg  Bocks  that  occur  im  iic 
Cot^itumtal  DUtrias  under  CoMmderatitm,  with  their  JSqmimt" 

:  Aa/f  m  England,  may  assist  to  esiubUsk  a»  Undentamding 
ietwem  the  ueohgists  of  the  Two  Cosmttieei. 

BNOLISH  FOBMATI0N8.  FORMATIONS    OF    THE  CON- 

TINENT. 

Alluvium.  AVuvium, 
£ffect  of  cftusea  now  in  action.  Effect  of  causes  now  in  action. 

deltas,  gnyel  of  tncmita.       bame  as  in  Eo^aad,  but  on  a  larger 


and  adjoining_  PetrU  oj  die  CQtUiaenf* 


OraTel  and  roDed  blocks,  both  on  hills 
,  ami  in  vallfTV  not  produoed  by  any 

tmutm  tmrn  m  ■fliim, 

Omfd  of  the  valleys  cf  dl»  Xhaqii^  ifl^ 
veio«  and  Uumbcr. 

JSiocks  of  Cumbeciand  granite  in  the  plain 
of  Shropshire,  mmt  fin4g«N>ft$  and 

.  ^ Galway  g;raiute  at  ShaUi  on  I^SW 
«r  CaclaalA^ia  gonbnlaad. 

'   TERTIARY  PORMATIOHS, 

JiOodon  and  Hamp.shire  baidna. 

fleadenClifi;  Isi§  of  Wi^« 


m 


in 


9*  laiofaa  0<ty. 
^ighgate  Holy  I^andon. 


•With  plants  and 
lab  of  bheppj. 


*?.  P  a^tic  day  Formation, 
Chi)\  rr.i\t\  tan4»andgra?€]9  withmanne 

ilidb). 

I  of  London,  Ha&ti,andDWMt. 


4,  PuddingtiOM^  ^/ Ilcr{fvnUhir€. 
Bmid  liMdrtono  Mboka  of  Buckingham^ 


Lignite  and  Glance  Coal,  Jmoerfeci 
AlnmBaj.  laboTWi^ 
CorioGUyFita,   Lda «€ PoilNMft. 


ftqpflrfidal  gravd,  covtring  the  ngakst 

Tertiary  strata  of  the  vallejfa  of  the 
the  Harm  be,  and  Geneva. 
Granite  JUiocks  oa  the  Jura  above  Neuf- 
cfaald,  and  on  liie  Saleve  mountain 


TERTIARY  FORMATIONS. 

Basin  of  Paris ;  Valleys  of  the  Po,  tho 
Danube,  and  fiwitaarland. 

I.  Ca!  aire  ti^  Eau  Doucf, 

Basin  of  Paris  ;  Friemsbei^,  near  Bemai 
8t.  baphoriii,  near  Vevcy;  Hoigen, 
nearZurieh;  Lode  on  the  Jura ;  Val. 
ley  of  the  Rhine,  three  miles  NS  of 
Basle  These  are  puncipally  composed 
of  marl  stone,  and  contain  bed^  of  rMk^ 
innStk  Fieahwater  shelU  intermixed. 

Oeungin,  near  tkfaaffliaoMO,  with  fkcdw 


Cafeairs  GroMter  of  Parti, 

Verona,  Vioentine  HiUa,  and  Monte  Be- 

rid,  in  the  valUy  of  the  Po. 
Locetio»  SK  of  Vieana,     barin  «f  lib* 

nube. 

Tour  de  Molierc,  E  of  Vverdun,  in  Smi- 

zerlaod. 
With  plants  and  marine  fltfl* 
Monte  Bolca,  near  Verona 
Solenhofeu,  near  Pappenheim  (probably]|. 
JFiah  of  Mount  Lebauon  (probably). 

S.  Pfa>iic  Clap  Formation, 

Beds  of  cL*y,  marl,  eand,  and  grave],  nidi 

marine  shell* 
Baain  of  Paria. 

AU  the  edgei  of  the  pfadn  of  hamhndn% 
near  Parma,  Piaoenta,  Aati,  Tm» 

Vicerza. 
VaUey  of  the  Danube. 
Valley  of  Geneva  and  OoneCaaeew 

4.  Nagelfiue,  oJ'  S»  Iter'andy  Comity  and 

Saftt  'urg. 

Puddingstone,  of  Rigi,  near  Lucexne,  and 
of  Bitgclita  on  Lake  Goutaoee. 

5.  JUignitc  ami  Gfance  Coal.  Perjeoi 

and  ustd  fur  Fires. 

Monte  Bolca  and  Aoignan  in  the  Vi- 
oentino.  Faieen  in  Bavaria. 

Titmonhig,  Teistendorf,  Mie8bach,anddl 
the  coal  pits  in  the  Valley  of  tbo  Da- 
nube, above  Vienna. 

IfailMiig,  in  8tytia. 

Leoben»  in  Sqriia. 


-   i-j  vj^.vv'^le 


i 


464         Pro/*.  Buckland  on  the  Structure  oJAhe  Alps^  [Jvnb; 

It  i«  nnt  inijj'icrl  t!i:it  ihc  above  five  subdivision;il  parts  of  the  Tcrt'mry  rnTmation<? 
maintaui  Uic  Kaine  reUtivc  order  of  succession  in  England  and  on  ^le  Continent ;  nio^t 
of  them  probably  alternate,  but  tliey  are  all  more.zcccnt  than  the  chalk  of  England, 
¥tmatf  ladltalj. 

'SECOybABV*  F0ltMATl'01f». 


XjBfe  fiopattida  of  the  8£.of  iSnglMd, 


I«igepn)]iortioikof  the  8£  of  £iigluid« 

Oolite  Formation, 

m 

Coning^  lMMe,aiid  niUy.. 

CangKfL  bcjb  of  Com.  Brnth, 
Bnddngbam  marble..  Yeovil  marbk. 
Badi  and  CMiwoU  oa3ile» 


Jitm  Red  Sandstone  and  Med  Marl, 
Gteat  formation  of  salt  and  g^pcum. 


ifiitfuiliii  IiinfMtBiuii 


ChMttc. 

jagthtlmeofthcBMiaef  Pteia. 

Younger  Alpine  liniestonc  of  the  Eup:a- 
nean  Hillnand  \'icentinc  iiiib,  in  Italy. 

Fort  near  Lunenburg,  close  to  tlie  town 
on  the  sideof  Hambu^. 

Caide  of  <>ecoir,.in  Pdiad. 

CraU  Imfirlmrt  •f  Out  JWmA* 

Werner.  « 
Younger  Alpine UpWHrtonc  of  Savoy,  form- 
ing the  summit  of  the  Hij^h  Rjf^j^e  from 
Mount  Varens  in  the  Vale  of  the  Aire 
toDuhleieC,  in  die  Blunie  Valley. 

./ ura  Limestone  {properly  so  called*) 

Younger  Alpine   limestone  of  St^roff 

Simxeilaiid,  a&d  TyioL 
Muschd  Kalk,  of  Werner. 
Coral  Rag.    Same  organic  remains  in  a 

compact  matrix,  and  u»ed  Sot  niarblf  at 

Roche,  near  Vevcy, ' 
Coin|iaet  limestone    of  SdbaffliaiiMB, 

lying  aliove  tlic  Jura  Oolite. 
Saltzburgii  marble.    Conte  maibl^  of- 

France. 

(Mile  of  JuiB,  Md -Valley  of  ibe 

Adt^. 

Pierre  a  giyphite  of  France  and  Jura, 
full  oftlMOtyphqiAicuataof  Lamariu 
MuMiidKa]k,ofWc 


BwnUr  Sandstone  and   Roth  J'Aow  (/ 
Werner. 

Fh^t  and  itecond  »alt,  and  gypaum  £»nn»> 
<jb&  of  Werner. 

Grey  wacke  of  Bioedii  in  In  \^al  di  Faan, 
<rf  Ploycr  in  ni«!  map  of  Tyrol,  and 
of  VoQ  Buch  and  Charpentier  in  thdr 
aeeooiUi  of  Ihe  idt  JbnnatMoa  of  the 
Alpa. 

Elder  Jlpine  TJmeHew*  J5fiad|fiihM 

Kalk  Stein  of  Eh,  f,  first  T-Txtt  tmm^ 
stone  of  Wrrut-r^  ilivihlMe  into 
Zcciihtcin  iCalcaicc  a  ixr^p[iiit4&  of  Voigi 
and  Schlodim,  nd  eoiitafa|ins 
phite^.aculcatlia*)*'   <'  >4>*|W|t*p 
Ajsrhe.  .       -  _  • 

Rouhwaclce.  ■       .  .'i  ..^a 

HolenKak.  v-W 
KogenKtelBfc ,     ^     -  .    j-r  "  jj,^ 

Kupten;chicfer,  or  hitiiTnin^m  npiiter 
with  li«h.  ,  '  ^ 

These  aubdiviiioBa  are  «4ftliMll(1ui  the 
l'hiinngcr-vald,  and  are  occasionally 
intezBpersed  wilhaaitaad  ||yOHllr< ' 


Digitized  by  Google 


Jim  JUd  Comghmmae^ 


2tHar  endrding  the  boM  of  Quoiitoc  and 
^lieodip  Hills. 


mi  Mltd  SaniUtone  of  Wemw^  B&tki 

Todlt  Liegende, 

Tfanringerwald. 


Porphyrjf  of 
tfkm^  mid  JKtervM. 


Schwsnden^  in  GUyrttb  , 
LpgtiMS  in  Italy.  ' 

SUdFwrpkfr$  tf  Bftxen,  in,  7y*(,  .m^ 

'  ifCkmudit^imStutoi^ 


Tint  potphjfiy  ii  MWBirtW%ih  M  NAr  CongMnmrts- 
Aft^UfA  Coa/  MeMures,  Newcasik,  Der-     Jmdependmt  CM 


PotBchi^,  near  Dresden. 
Friedland,  in  SOesiayaiid  new  Tahmit!, 
in  SilcBia. 


r^Mfliffi^  Soiral 

Wiles,  mbordinate  in  the  Great  Coal 
Fonnadon  iiaually  ^rnnd  in  its  lowest 


Oid  Bed  SauMom. 

In  its  upper  memb^  composed  of  loose 
beds  of  red  sandstone,  z«d  marl*  and 
coD|^loinenUe» 

Jn  Its  lower  repons  passing  insenubly 
Into   tompact   greywacke;  abundant 
•wtoig^thc  ficontier  of  £^]|^and  and 

TBANSItlON 
^IVriasiCiDn  £lMasiiMs. 

*B6ds  of  B^ettotie  occurring  subordinately 
Uie  Upper  Re^m  of  the  Greywacke 
SkSkft  fWiminsliBigpj 


TrmuUiM  Idme  of  WknUty  aitd  of  OiHa- 
Und^SoUtf. 

Jtahi  af  ilM'llsnsa  imm  K«Bte  tt 
Liege;  is  oiTme  oeemiaiM  OB  the  Csik* 

tinant.  ' 

Vaiiat^  9f  Ortymmcke  •fJVenur, 

Sddom   appearing   on   the  Continent. 
Occurs  at  Uuy  on  the  Meuse  below 
Namuir,  where  it  lies  under  thainovn- 
laipfimMoMb 
The  Vallorsine  puddingBtone  ia  i 
'  age,  bot  ft  little  oldar. 


FORMATION. 

TrmuiUMLime$tone  ocairs  wtwr^BiM^ 
in  Greyvcaeke, 

Thin  beds  of  it  at  Coblcntz  on  the 
InBofaemia  near  Pragti^ ' "  . 


-  Greyteackt, 

Passing  into  fine  greywacke  slate  at  one 
extccmi^,  and  into  oonglonuabe  at  the 

^ilNaiAWUii. 


'Tarantaifce,  in  Savoy. 
Banks  of  Rhine  below  Coire 
6  if  Wate  in  Saltsburg. 

Gnywu^Km 
Sbm  aain  'Efn;i***«>, 


in  Mac 


iUm  af  Tlittagel,  in  OorBval^-Mid  top 

of  Snowdon,    in  Wales,  contaiaiaf 

marine  shells  (Tcrebra  tulites  ?) 
-IBbte  ef  Llandrindod,  near  Builth,  eto- 


^QH^SHMnla 

JkmSei 


nOMMHnK  wn  ana 
Tarentaise,  in  Savaj. 
Matt,  in  Oknis. 

Slate  of  Blattenbsng,  in  QlMmsMilAaivg 
fish  and  toMOlsas* 

Slate  of  Angefs,  in  Ftance^  containing 


efgfthniey  aBd8t»])«Hd*8. 

km  Seriiip  vol.  i.  2 


CaiigloiiMnii  oC  VaOaniiiau 
O 
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466       Prf^k  Bmkkmd  m  the  Structuft    tbt  Alpi,  £JuM/ 

Primitive  Rocks,       ■  . 

It  may  be  useful  to  add  to  tbis  table  of  geological  ei^uTeleiifti 
a  Uat  or  thoee  alpine  fimaations  wUcSi  most  nearly  resembk^ 
eeeh  other,  and  whiek  k  m  nerertheless  rerf  important  to  die- 
littgaish ;  e.  g«  there  are  in  the  alpine  districta  ronf  Ta^ieties  of 

con^omecate,  four  of  gypsum,  and  fife  of  dolomite; 

■ 

ConglomeraieSp  4* 

1.  The  moat  tmcient  of  these. conglomeietes  is  that  of  the 
petit  St.  Bemaidy  the  Vallorsine,  and  Taienlaise,  beiQ^  a  tiae 
tnnsitiOQ  rock;  and  teoQtainiitf^  rolled  fragments  of  gramte,  mice 
datCi  gneisSj  quartz  rock,  and  primitive  limestone. 

2*  The  next  in  point  of  age  is  that  of  Schwanden  and  MeOs 
near  Glarus,  and  Aiovnt  Neisen  on  Lake  Thun,  being  of  the 
aame  era  with  the  old  red  sandstone  (rothe  iodte  liegende)  of 
Wemeri  and  new  red  conglomerate  of  Bngland* 

3.  The  third  and  most  abundant  conglomerate  is  that  which, 
imder  the  name  of  nagelflueandRigi  puddin^stone,  extends  along 
the  Une  of  Junction  of  the  Great  Swiss  Valley  with  the  alpine 
Smeetones  nom  Veyey  on  the  Lake  of  Geneve  to  H^regeniz  on 
the  Lake  of  Cohstence,  and  thence  continues  onw^urds  along  the 
edge  of  *the  plain  of  BaYaria  towards  Saltzburg*  This  is  the 
most  recent  of  the  strotified  rocks  of  this  district,  and  is  neaik 
.of  the  same  age  with  the  Hertfordshire  puddingstone  of  England. 

4.  The  foirai,  which  is  idso  called  nagelflue,  consists  ofasgla^ 
tinated  masses  of  diluvian  gravely  composed  chietiiy  of  pebbles 
of  alpine  limestone,  and  not  to  be  distmguished  but  by  the  dr* 
cumstances  of  its  position  from  No.  3.  It  is  usually  found  in  •the 
valleys,  and  in  irregukr  patches  on  the  lower  hills,  while  No.  3 
fom»  a  chain  of  mountains  from  3000  to  4000  feet  high,  which 
is  continuous  through  nearly  the  whole  of  Switzeriand.  No.  4 
abovnds  in  aU  the  diluvium  of  Switxerland,  Ty^ol,  and  Italy, 
when  the  pebbles  are  calcareous.  It  should  seem  these  pehUss 
have  supplied  the  cement  by  which  they  are  held  together,  as  the 

£vel  is  usually  loose  when  composed  of  any  other  substance 
nhaiestone. 

Gjfpnrm  FannationSj  4. 

In  the  seme  districts  we  have  certainly  three,  probaUy  four, 
formations  of  gypsum. 

1.  Primitive.   2.  Transition.   3.  Secondary,   4.  Ttrtiartf. 

1.  Primt/tvf.-— Existing  in  small  quantities  (if  at  all)  in  the  . 
Alps.   Brochant  and  D'Aubuisson  doubt  whether  there  be  here 
any  true  primitive  gypsum,  and  are  inclined  to  class  thKt  which 
has  been  considered  primitive  amons  the  transition  series* 

2.  Trmmtion  6«Mim.— -Much  ox  this  occurs  among  the  traijh 
sttion  rocks  of  the  Tarentaise  described  by  Brochant.  It  may 
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IdS^,}        and  adjomng  J^atis  qf  ike  Cmrim§iU»  4$f 

be  also  by  the  road  side  at  p]uui«ia]r>  tietareeii  St,  Miidiei 
and  the  Hoapitai  of  Mount  Cams,  and  abo  at  the  Hoapital  df 
-Mowit  Cania.  0 

-3.  SecotiiafjtGjffemti^^  the  aama^  with  the  magnaBjaia 
•limeatone,  and  new  red  aaDcblma  feraiaftMMi  of  England,  thiiuii 
nanally  nusaailed  tramkum  ^jaumhy  moat  writers  on  the  Aljpi^ 
It  occufB  at  Bex  and  Lekigenin  Switzeiland ;  m  the  aalt  minea 

'  of  Tyrol  and  Salldburg ;  at  Michell,  10  milea  north  of  Tirent; 
and  Lovinio,  near  Menagio  on  the  Lake  of  Como. 

V  4.  fSifoaif  GjnMauii.^Of  tertiary  fonAtion,  of  the  aame  ag» 
mSx  the  beds  ocom  in  the  niolaMe  of  Switmiand^ 
near  YTerdim;  in  Areovie,  near  Solonre;  at  Bondiy,  near 
Nejifchatel;  and'St  Jmien,  near  Geneva. 

Dohmitf  FiveKimh. 

'  -  In  the  dpine  regions  there  occur  also  five  formations  of  ddo 
niite. 

'  1.  Primitive. — The  primitive  limestone  of  the  central  Alpe 
.often  passes  into  the  state  of  dolomite,  of  which  a  goodeicample 
may  be  seen  at  the  pass  of  Mount  Brenner  between  Botzen  and 
Inspruck.  It  is  here  compact,  and  interspersed  with  flakes  of 
talc,  of  a  delicate  giceii  colour.  The  primitive  limestone  also 
which  forms  the  matrix  of  the  great  iron  works  of  Eisentertz,  in 
Styria,  is  in  the  state  of  dolomite.  This  stratum  is  of  great 
importance  and  extent  m  the  Alps,  and  may  be  traced  by  its 
sparry  iron  ore  from  Lake  Como  to  iiiseiieilz,  and  thence 
onwards  into  Hungary.  '  -  ' 

2.  Transition. — I  did  not  find  dolomite  in  the  few  spots  in 
which  1  had  opportunity  to  see  the  transition  limestone  of  the 
Alps ;  but  as  this  formation  abounds  with  magnesia  in  England^ 
Russia,  and  North  America,  it  is  probable  that  it  requires  only 
investigation  to  find  it  also  in  the  Alps. 

»3.  Elder  Alpine  Limestone. — Dolomite  prevails  in  no  alpine 
*  formation  so  much  as  in  this,  which  is  equivalent  to  the  grand 
magnesian  limestone  of  England  :  it  may  be  usually  recognised 
by  its  pearly  glmimering  lustre.  The  soft  powder  that  fills  the 
cells  of  the  rouhwacke  and  holen  kaikstein  is  much  charged  with 
magnesia :  as  are  also  the  strata  of  yellow  sandy  limestone  that 
lie  m  the  new  red  sandstone  of  the  Vale  of  the  Adige  above 
Trent. 

In  England,  much  dolomite  occurs  also  in  the  mountain  lime- 
stone. 

4,  Younger  Alpine  Umestone. — Beds  of  dolomite  minutely 
crystalline,  and  of  pearly  glimmering  aspect,  abound  in  the  oolite 
formation  in  the  Valley  of  the  Adige  below  Trent,  and  also  ia 
the  hills  on  the  west  of  Monte  Boica.  In  England,  magnesia 
has  been  found  in  the  oolite  formation  at  Miuching  Hampton^ 
near  Cheltenham.  It  occurs  also  m  the  chalk  of  France. 

2o2 
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that  ovvthan^  the  tom  of  Vercma,  tad  of  nuniy  puts  of -te 
Yicentine  HiUs,  passes  into  dtilomite*  The  looio  caloiwotB 
mdy  beds  that  alteniate<4Pith  tiiis  oftlemoiis  roA  abo  eonltin 
magnesMt.   Marine  shelts  in  high  preservation  are  ftuiul  boliiili 

1k»  solid  and  loose  varieties. 


It  may  be  useful  to  repeat  concisely,  what  has  already  been 
stated  more  at  large,  that  the  following  terms  are  applied  india^ 

criminately  hy  many  writers  on  tlie  Continent  to  rocks  which 

ought  to  be  kept  distinct;  viz.  p^reywacke  to  beds  of  the  new 

fed  sandstone  formation,  as  well  aii  to  the  true  transition  rocks- 
Transition  hmestone,  to  the  youmger  alpine  limestone,  or 

Enghsh  ma^^nesiau  iimestoue  formation,      well  as  to  true  tran- 

aition  limestone. 

Transition  gypsum,  to  the  saliferous  gypsum  of  the  new  Ted 

sandstone  and  magnesian  limestone  formation,  as  well  as  to  that 

which  accompanies  true  grey  wacke. 

Pierre  a  gryphite  to  lias,    Calcaire  k  gryphite  to  magnesian 

limestone.    Jura  hmestone  to  oolite,  lias,  and  magnesian  Itoie- 

4itone.    Nagelflue  to  agglutinated  gravel,  Eigi  puddingstona, 

mdnew  red  sandstone  conglomerate. 


Article  X. 

r  • 

f^iwiiii^i      Philosophical  Socktia. 

ROTAL  aOCIBTT. 

Mai/  3. — Observations  on  the  Variation  of  Local  Heat  made 
among  the  Garrow  Hills,  by  D.  Scott,  Esq. 

On  some  Sub tcrraneaus  Trees  discovered  near  Mundakgf^ 
Lieut.  Miles,  RN. 

On  the  Enlargement  of  the  Glands  of  the  Nack^  hy^  J.  How- 
ahip,  Esq.  ' 

^  Mat/  10*— Some  Remarks  on  MeteoKolo^,  hy  Luke  Howasd, 

bservations  on  the  Solar  Eclipse  of  Sept.  7, 1820,  by  Mr.  C. 
Bumker. 

-  Mat/  1 7 . — On  the  Anatomy  of  Parts  of  the  Globe  of  the  Sf/e, 
fcy  A.  Jacob,  MD. 

Mm/  24.— On  the  Abaohite  Zero,  by  Mr.  Hegapath, 
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Artic&bXL 

i  miWmiC.  INTBUilGSNCB,  AJID  NOTXCBS  OK 

CWINNfiOVE0  WITa  ftOIftliOB. 

|.  Gimpotition  ef-Mkutark, 

lUt^MNlift.  o^tlie  d«BtniGtiv»  dttUihtiH' of  rirobavb  ato*  aiitadr«l  - 

IbUow: 


Water   10  0 

Empyreumatic  oil,  gallic  acid,  and  water,  formed  ^9*0 

Charcoal   34<*5 

Phosphate  of  lime  , ,   2*0 

Carbonate  of  lime.   4*2 

iMk  •   0*5 


The  component  parts  of  rhubarb  are  stated  to  be  as  foUovf  ': 

Water.   S'% 

Gum  *  .J   310 

Resin  10^ 

Extract,  tan,  and gallicacid  260 

Phosphate  of  liina..«V* ••.••«••«••«••«»••.,••  2  0 

Mukte  of  lime  .   *  6*5 

Woody  fibre.   16  S 


100-0 

IL  Roeh  ofMmd  Blane, 

Owing  to  an  accident,  these  rocks  were  not  quite  correctly,  noticed 
.  in  Capt.  Undrell's  communication. 

The  very  highest  rock  is  highly  crystalHne  hornblende  and  steatite; 
the  latter  miglS  be  mistakeii  for  compact  felspar,  but  it  yields  to  prea* 
iure  and  the  knife*  Another  speamen  wbdi  is  laminated  geematft 
Qonaiit  of  greyisb  and  yellowisb  steatite,  imbedding  quartz  crystids^ 
Im^'havin^  brown  mica  between  the  laminae.  This  specimen  might  be 
readily  mistaken  for  fine-grained  gneiss.  The  rock  called  Petit  Mulet» 
tfiOfapiOciiiien  from  which  was.mistaken  for  that  from  the  summit,  is  t^ 
pi»togdD0  of  Pk'of.  Jurine,  .consisting  of  quarts>  felspar^  and  steatite* 

III.  Granulation  oj  Copper, 

The  following  singular  circumstance  was  communicated  to  me  by 
Mr.  W.  Kcates,  of  the  Cheadle  Copper  Works. 

"  I  send  you  some  globules  of  copper,  quite  hollow,  and  so  light  as 
to  swim  on  water;  the  history  of  which  is  as  follows;  One  of  our 
rehning  furnaces  contained  about  20  cwt.  of  melted  copper,  which  was 
to  be  laded  into  blocks ;  but  the  refining  process  had  not  been  carried 
ftr,  enough,  .so  that  when  the  men  came  to  ladeJt  out  into  the  mouldi» 
they  found  if  toWimpracttodiile,  in  consequence  of  ita  endttiog  waA 


.^.d  by  Google 


4f0  SeiehHJle  IniMgem.  [Jim b, 

a  great  quantity  of  sulphurous  acid  vapour.  They  were^  therefore, 
obliged  to  put  It  into  a  cistern  of  water  to  granulate  it,  but  by  this 
operation,  instead  of  the  copper  assuming  the  form  of  soiid  grains,  the 
whole  of  it  became  in  the  form  ient  to  you,  and  floated  upon  the  water 
like  80  many  oorlu.  What  la  the  moat  probable  explanatioD  ef  tfab 
phenomeiioa?  Ooe  of  our  refining  men,  during  40  years*  experience 
in  the  buiineai,  baa  nev^  aeen  any  thing  similar.*' 

To  the  above  account,  I  have  onU'  to  add,  that  the  globolca  of  copper 
aenllo  me*  although  extremely  ligut,  had  lost  their  property  of  flgati|ig 
la.  water*  but  they  floated  in  sulphuric  acid.  I  do  not  venture  to.  offer 
any  expUmation  of  the  phenomenon.— JScf. 

IV.  Analysis  of  Indian  Com, 

Dr.  Gorham,  of  Hfirvard  Universit}',  Cambridge,  U.  S.  has  analyzed 
Indian  corn.  It  appears  to  contain  a  peculiar  vegetable  substance, 
which  the  discoverer  lias  called  Zeiue.  Tlie  results  of  the  aaalyais  are 
as  follow : 


Drytdrta 

84*599 

..  S-296 

. .  2747 

1-922 

irm 

0-879 

. .  3-296 

Phosp.  carb.  suL  of  lime  and  loss . . 

....  1-5 

. .     1  -64^ 

W                »     m  m 

lOOO 

..  9Sr980 

(Institution  Journal.) 

V.  On  the  lodidcy  Oxides^  and  Chlorides  of  Gold. 

According  to  M.  Pelleticr,  who  first  obtained  the  iodide,  gold  is  not 
acted  upon  either  by  iodine  or  hycti  iodic  acid ;  but  the  hydriodic  acid 
containing  iodine  easily  dissolves  gold,  and  especially  when  a  little 
nitric  acid  is  added ;  the  iodide  of  gold  tlicu  formed  is  a  brilliant 
yellow^  and  apparently  a  crystalline  powder.  Iodide  of  gold  may  also 
pe  procured  by  causing  hydriodic  acid  to  act  upon  the  oxide' of  gold» 
or  by  adding  hydriodate  of  notash  to  chloride  of  gold.  The  propertied 
of  the  iodide  of  gold  are,  that  it  is  insoluble  in  cold  wateir,  and  very 
sparingly  soluble  in  hot;  when  put  Into  concentratccl  and  boiling 
nitric,  muriatic,  or  sulphuric  acid,  it  is  decomposed,  the  iodine  being 
evolved,  and  the  gold  dissolved.  It  is  also  decomposed  at  a  tempenu 
jture  of  about  f'>00°  of  Fahr.  and  by  the  alkalies  in  solution.  U  ia 
ata^d  to  be  composed  of 

♦  Iodine  84 

Gold  

100 

,  The  composition  of  the  oxides  and  chlorides  of  gold  is  stated  as 
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{+,  10  oxygen,  protoxide. 
+  30  oxvgen,  peroxide.  ' 
4-  44  cluonne,  protochlonoe. 
4- 1^  chlorine,  perchloride. 

M.  Pelletier  draws  the  following  conclusions  from  the  vjiriouB  expe- 
riments which  lie  has  made  on  this  metal. 

1.  Gold  ought  to  be  considered  as  an  electro-negative  metal,  e.  as 
a  metal  forming  oxides,  which  tend  ratlier  to  act  as  acids  than  as  bases. 

2.  The  oxides  of  gold  cannot  form  true  salifiable  compounds  with 
the  acids. 

3.  The  peroxide  of  gold  will  unite  to  the  alkalies  and  other  metallic 
oxides,  forming  combinations  which  possess  peculiar  nropenies. 

4«  Gold.ia  solution  in  aqua  regie  is  in  the  state  or  perchloridoy  and 
the  supposed  triple  salts  otgold  are  only  mixtures  in  which  the  if 

atill  in  tne  state  of  perchloride. 

Gold  unites  to  iodine,  forming  a  compound  of  which  the  proper^ 

tioDs  are  constant,  and  easily  determinable. 

6.  According  to  the  proportions  of  the  iodide  of  gold,  those  of  the 

oxides  and  chlorides  may  also  be  ascertained  as  given  in  the  Memolre. 

7.  Tlie  vegetable  acids  and  salts  have  different  actions  on  the  chlo- 
rides and  oxides  of  gold.  Amongst  them  may  he  distinguished  the 
oxalic  acid  and  the  oxalates,  because  their  action  is  very  peculiar,  and 
supports  the  opinion  of  M.  Dulong  on  the  oxalic  acid. — (Annales  de 
Chimie  et  de  Phybii^ue.) 
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NEW  SCIENTIFIC  BOOKS 

pansaivo  soft  roBUCAmir. 

. ,  Hie  Parent's  Medical  and  Surgical  Assbtant,  intended  for  the  use  of 
tiie  heads  of  families,  parochial  clergymen,  and  otbers'i  by  Thomas 
Ajire  Bromhead,  MB.  Christ's  College/  Cambridge. 
,  Dr.  Paris  and  John  S.  M.  Fonblanque,  Esq.  Barrister  at  Law,  havCf 

m  considerable  forwardness,  a  work,  to  be  comprised  in  one  volume, 
8vo.  and  entitled  **  Medical  Jurisprudence/'  It  will  comprehend 
medical,  chemical,  anatomical,  and  surgical  investigations,  applicable 
to  forensic  practice,  for  the  instruction  and  guidance  of  coroners, 
magistrates,  couobel,  and  medical  witnesses,  with  a  copious  appendix 
of  statutes,  cases,  and  decisions. 

Mr.  Gideon  MaiiLeli's  Outlines  of  the  Geology  of  the  South-eastern 
Pivision  of  Sussex,  will  soon  be  published  in  royal  4to.  with  numerous 
engravings. 

,  A  TVeatise  on  Scrofule*  Its  Nature,  IVeatmentt  and  Eftcts;  abo^ 
the  alteiation  produced  by  it  in  the  atracturie  of  aU  the  diffident  parts 
of  the  body,  with  special  reieience  to  its  connexion  with  spinal  curva- 
ture, diseasea  of  die  joints,  affections  of  the  glands.  To  which  is 
added,  ah  Account  of  the  Ophthalmia,  so  long  prevalent  in  Christ's 
Hospital.  By  E.  A.  Lloyd,  RCS.  &c.  &c.  inonevdlume»  Svo*  Thie 
Work  obtained  the  Jacksonian  Priae  in  1818. 
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Dr.  Dickinson  has  in  the  press,  The  Medical  Student's  Vade  Mecuin; 
being  a  work  in  the  form  of  question  and  afMwer,  comprising  anatomy, 
physiology,  botany,  and  pharmacy,  &c.  To  which  will  be  added,  an 
abridged  and  correct  Explanation  of  the  Chemical  Decompositiong, 
intended  principally  for  gentlemen  previous  to  their  examinations  at 
th^  burgeoQj»'  ai^ul  Apothecfuries*  Hall« 

Flora  Scotica,  or  a  Description  of  Scottish  Plants,  anranged  both, 
according  to  the  Artificial  and  Natural  Methods;  in  two  Partly  Br 
W.Jackson  Hooker,  LLD  FRA.  FLS.&c.   8vo.  14*. 

A  Treatise  on  the  Hydrocephalus  Acutus,  by  Leopold  Anthony 
Golis.    Translated  from  the  German,  by  Robert  Gooch,  MD,  8vo,  8*. 

Observations  on  the  Derangement  of  the  Digestive  Organs,  and 
some  Views  of  their  Connexion  with  Local  Complaints.  By  W.  Laif^ 
Fellow  of  the  Royal  College  of  Surgeons,  Edinburgh.    8vo.  65. 

A  Toxicolodcal  Chart,  exhibiting  at  one  Vie^^  the  Symptoms, 
Treatment,  and  Modes  of  detecting  the  various  Poisons,  Mineral^ 
Vegetable,. an4  Aiiiiiial»  accordiijig  to  ttfe  latest  ExpftrimeDts.  W. 
BtSw^t  RC&  London.  Is,  6M>' 

A  Treatise  on  Indlges tion  and  jts  Consequences,  calM  Nervous  and 
Bilious  Complaint^,;  with  Observations  on  the  Organic  Diseases,  14 
wbicb  th^  someii^nies  t^rminatie.  By.  A.  P.  Wilson  Piiijip^  MD.  FBS^ 
Ac*  8yo«  9si 


Article  XIII. 
TsEVV  PATENTS. 

Stephen  Wilson,  Esq.  of  Streatbam,  Surrey,  for  improvements  in 
machinery  for  weaving  figured  goods ;  partly  connnunicated  to  him  by 
a  foreigner. — March  8,  1821. 

Henry  Browne,  of  Derby,  chemist,  for  an  improvement  in  the  con- 
struction of  boilers,  whereby  a  saying  in  fuel  is  effected,  and  smok^ 
rapidly  consumed. — March  16* 

llario  Pfellafin^s,  of  Earl!s-court,.  MidlBepex,  fOr.  otfrtain  new  and 
if^proyed  machinery  and-mcthods  for  brealdngi  bleaching,  preparing 
fidt^iigicturin^,  and  spinning,,  into,  thread  or  yam„  flaa^  homn,  ai4 
other -productions  and  substances  of  the  like  nature,  capable  or  b^ud^ 
manufactured  into  thread  or  yam.— >March  27. 
'  W^Uiam.  Southwell,  of  Gresse  street,  Rathbone*placef  to  certain 
improvements  on  cabinet  piano-fortes. — April  5. 

James  Goodmam  of  Nortb^p^n,  for  an,iniprpvenient  onstiflnip* 
irons. — Apfil  5. 

Henry  Goldfinch,  of  Hythe,  Lieutenant-Colonel  in  the  Royal  Engjl^ 
neers,  for  aix  improvement  in  the  formation  of  horse-shoes. — April  $• 
'  William  Annesley,  of  Belfast,  architect,  for  certain  improvements  i|| 
th^  construction  of  ships,  boats,  and  other  vessels.—- April  6. 

William  Chapman,  of .  Newcastle-upon-Tyne,  civil  en|dneer.  for  a 
itt^od  or  methods  of  tranliferring  the  ladings  of  lighten  and1iarg|Bf 
lillnahf^  or  vei^selsi  or  ftom  shlQj»  or  vasspfi  into  ljgi]Mi^aii4  bargjoi^ 
•'April  18^ 
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and  NmM.  4,  5.  Fine.  6,  7.  Cloudy.  8.  Very  fine  r  thermometer  63°  at  half- 
past  nine.  10.  Cloudy:  some  appearance  of  thunder,  p.m.  :  lunar  halo.  II.  Cloudy: 
windy-  12.  .Showery:  gusty:  at  Totteniiaui  a  heavy  hail-.stt>mi .  1  .'i.  Slight  show  eri  : 
gusty.  14.  Showery:  windy.  15.  Ditto:  at  Tottenham  thunder  was  twice  heard  to 
the  N,  tlierc  being  at  the  time  many  large  Nlinbi^  and  the  first  swallozc  made  its 
appearance.  16.  Fine  :  a  hoar-frost  in  the  morning.  17.  Hoar-frost:  thundered  twice 
at  half-past  four,  p.  m.  18.  Showery :  frequent  rainbows  during  the  afternoon ;  one 
waf  obflcnredwith  two  complimentary  bows  at  some  distanot  beneath  it.  19.  Showery  t 
night.  IM).  aboifHi  during  the  day:  my  ft«quent  ti^rtniiig  in  tht 

; :  a  thunder-storm  about  seven,  p.  m. :  the  lightning  extranely  vifid,  and  ncaily 
imn  8W  4t  ffB|  and  nadi  Unfod  i  aoma  flaahca  flcimidinj  fTjr^*f^hr^ 
t»  dw  aaflli*  St.  Oottfyi  <inr  ni^:  awlIoM  mw  namemna. '  M.  Vtiy 
Monri^.  ' tS.  Fiae:  vmli^tBangatirfflH  M-Veiyiiiie:  S5«  Ditto.  25,Mt»f 
innanBt  lijHniiig  in  Ifae  9mSa§,  wUeh  contiiiiidl  neaiiy  #11  aighfc  in  wmf 
^ottKr  of  Ifashirisoii,  and  nqr'diitnt 


aESULTS. 

,4  ,  . 

WIkA^*  N,S;  NB,«;  E,  S  }  S,  1 ;  SW,5;  W,  7 ;  NW,8;  Var.  I. 
BaiiWMlWj  MaMihd^ 

* 

Foe  the  month  .«   29*697 

Varli»liuiavpariod»aBdiQgilia8Mi  «  fflHilS 

For  14  dqp%  ending  tlia  lat  (moon  aoulli)  S9*581 

For  IS  days,  ending  the  14th  (moon  ooctb)  «>•.«•  S9*675 

For  Md^fiidiDgtiieSStfaimooaaotttli);  S9-689 

Thcnoomater:  Hean  height 

FardMOMOodk  4<H50» 

Far  AalnMr  period  •  48*400 

For  SO  days,  the  fu^  in  Alice.  ,   45-633 

 4  «*or 

»  ... 

w  «  ^  >   !<« 


Jldcan  of  hygrometer.  07^ 
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Xo&cm^ofy,  Stra^4t  F\flth  Mouthy  %\,  mu  IL  HOWARD. 
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Adaxaa^  Air.  J.  on  a  method  of  ap- 
plying   Maclaurin*s   theorem,  98-- 

'  on  the  expansion  of  the  functions  f  (t), 
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AJUodi,  new  one  in  the  atropa  belladonna. 

Ammonia,  bicarbonate  of,  on  the,  i  ISL 
Ammoniacal  alum,  <m,  72^ 
Analysis  of  Indian  corn,  470. 
Apparatus  for  the  discharge  of  ordnance, 

description  of,  82* 
Arseniate  of  soda,  composition  of,  13. 
ArKcnic,  atomic  weight  of,  15. 
•  acid,  on  the  atomic  weight  of,  15. 

i  •  composition  of,  15. 

Arsenious  acid,  composition  of,  1^ 
Astronomical,  magnetical,  and  metcorolo- 

fical  observations,  by  Col.  Beaufoy, 
_6j  156, 

Atmosphere,  mercurial,  on,  by  M.  Fara- 
day, 153. 

Atomic  weight  of  strontian,  lime,  mag- 
nesia, phosphoric  acid,  and  arsenic 
acid,  L 

Atropium,  on  the  properties  of,  gfi3. 
  sulphate  of,    compoution  of, 

■  ■  muriate  of,  composition  of. 

Azote  and  oxygen,  on  the  combinations  of, 
381. 

Asote,  deutoxide  of,  composition  of,  325. 
 protoxide  of,  composition  of,  323. 

B. 

Barytesand  strontia,  test  for,  Z2i 

Beaufoy,  Col.  astronomical,  magnetical, 
and  mcteorolt^cal  observations,  by,  76^ 
156,  263 — summary  of  the  magnetical 
and  meteorological  observations  for  three 
years  and  nine  months,  94 — on  the 
going  of  a  clock  with  a  wooden  pendu- 
lum, S03— table  of  the  diurnal  variation 

'  of  the  magnetic  needle  at  Zwaneburg, 
in  HolUm^  communicated  by,  205. 

Bedie,  Mr.  on  fossil  plants  found  at  th« 
Col  de  Balme,  fiL 

bengal,  geology  of  the  north-east  border 
of,ii& 


Berzelius,  J.  researches  into  the  compos* 
tion  of  the  ^ssiates,  <I9, 301,  433. 

Bicarbonate  CKf  ammonia,  oompositicm  of, 
1 10. 

Birkbeck,  Mr.  W.  L.  on  a  new  method 
of  constructing  geometrically  the  cases 
of  spherical  triangles,  by  a  dcvelope- 
ment  of  their  partu  in  piano,  §59. 

Blowpipe,  hydro.pneumatic,  description 
of  a  new  one,  4^8. 

Books,  new  scientific,  74^  154,  237,  SlTi 

Bostock,  Dr.  on  whale  oil,  45. 
Brandes,  M.  on  atropium,  263. 
Brande,  3Ir.  on  the  composidon  of  rha» 
barb,  469. 

Buckland,  Rev.  W.  on  the  structure  of 
the  Alps,  and  adjoining  parts  of  the 
Continent,  and  Uieir  relation  to  tlie 
secondary  and  transition  rocks  of 
England,  450. 

Bumey,  Dr.  W.  on  the  new  comet,  208. 


•a  ' 

Calder  Side,  remarkable  stratum  of  lime* 
stone  at,  23. 

Caloric,  radiation  of,  81  • 

Carbon,  chlorides  of,  discovery  and  pra^ 
perties  of,  65. 

Carbonate  of  lime,  composition  of,  6, 

Carbonate  of  ])0ta8h,  composition  of,  6^ 

Cassiub,  purple  powder  of,  on  Uie,  393. 

Chemical  philosophy,  researches  into  the 
.  mathematical  principles  of,  81. 
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